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ADVERTISEMENT. 


The  present  Volume  is  not  a  reprint  of  that  on  the  same 
subject^  published  in  1843.  The  difference  between  them 
is  in  some  measure  indicative  of  the  progress  of  the  anatomy 
and  physiology  of  the  Invertebrate  Animals,  during  the  ten 
years  which  intervened  between  my  first  and  last  course  of 
Lectures  on  that  subject. 

My  friend  and  former  pupil,  Mr.  W.  White  Cooper,  having 
published  his  notes  of  the  Lectures  of  1843,  in  numbers,  as 
they  were  delivered,  time  was  not  allowed  to  add  references  to 
the  original  authorities  for  many  of  the  facts  and  opinions 
quoted  in  those  Lectures:  in  the  present  Work,  I  have 
endeavoured  to  supply  that  omission  according  to  the  plan 
adopted  in  the  volume  on  the  Anatomy  of  Fishes :  and  some 
additions  have  been  made  of  contributions  to  Invertebrate 
Anatomy  and  Physiology  up  to  the  date  of  publication. 

lloyal  College  of  SturgeoiiB,  London, 
May,  1855. 
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1852. 


INTRODUCTORY  LECTURE. 

CHARACTERS    AND    CLASSIFICATION    OF    ANIMALS. 

In  entering  upon  a  description  of  the  Animal  Kingdom,  the  natu- 
ralist's first  and  greatest  difficulty  is  to  determine  its  bounds.  The 
same  difficulty  meets  the  anatomist,  and  must  meet  whoever  under- 
takes to  write  on  any  particular  quality  of  animals  in  general. 

LiNN^us,  the  great  framer  of  precise  and  definite  ideas  of  natural 
objects  and  terse  teacher  of  the  briefest  and  clearest  expressions 
of  their  differences  and  diagnoses,  divided  them  into  three  kingdoms, 
and  characterised  them  as  follows:  — 

**  Lapides^  corpora  congesta^  nee  viva^  nee  sentientia. 

•'  Vegetabilia  corpora  organisata  et  viva^  non  sentientia. 

**  Animalia,  corpora  organisata  et  viva  et  sentientia^  sponteque 
se  moventia."  * 
In  other  words  —  minerals  are  unorganised ;  vegetables  are  or- 
ganised  and  live ;    animals    are    organised,   live,   feel,   and  move 
spontaneously. 

By  organisation  is  meant  such  an  internal  cellular  or  cellulo-vas- 
colar  structure  as  relates  to  the  reception  of  fluid  matter  with  the 
power  of  altering  that  matter  and  adding  it  to  the  alterative  structure, 
the  fluid  being  on  that  account  called  "  nutritive,"  and  the  actions  it 
11  subjected  to,  "  assimilation''  and  *< intussusception."    As  these  acts 

♦  I,  torn.  i.  p.  1 1. 
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are  not  cxplicablo  on  any  known  chemical  or  mechanical  principles, 
they  are  called  "vital"  acts,  and  so  long  as  they  are  continued  the 
plant  or  animal  is  said  to  "  live."  A  mineral  or  unorganised  body  can 
undergo  no  change  save  by  the  operation  of  mechanical  or  chemical 
forces ;  and  any  increase  of  its  bulk  is  due  to  the  addition  of  like 
particles  to  its  exterior :  it  augments  not  by  "  growth "  but  by 
"  accretion." 

Organised  beings  differ  so  much  more  from  the  unorganised  than 
they  do  from  each  other,  that  the  co-equality  of  the  three  Linnscan 
kingdoms  of  nature  is  no  longer  admitted,  and  the  primary  division 
of  natural  bodies  is  into  **  organic"  and  "inorganic,"  the  former  being 
collectively  designated  "  organisms."  For  the  distinction  of  these  into 
two  kingdoms,  moreover,  the  Linnaean  diagnosis  no  longer  suffices. 
Nothing  seems  easier  than  to  distinguish  a  plant  from  an  animal,  and 
in  common  practice  as  regards  the  more  obvious  members  of  both  king- 
doms no  distinction  is  easier;  yet  as  the  knowledge  of  their  nature  haa 
advanced  the  difficulty  of  defining  them  has  increased,  and  seems  now 
to  be  insuperable.  Not  that  the  lack  of  such  power  of  definition  is 
any  loss  to  the  Naturalist,  if  he  has  gained,  instead,  a  truer  conception 
of  the  fundamental  unity  of  all  organic  nature. 

Any  circumscription  of  the  Animal  Kingdom  must,  therefore,  be 
arbitrary,  as  will,  I  tliink,  be  evident  from  the  following  consider- 
ations. 

Linnaeus  was  not  aware  that  many  movements  in  unquestionable 
animals,  that  seem  to  be  "  spontaneous,"  are  not  so.  Experiment  had 
not  proved  that  all  those  of  Hartley's  first  class  *  depending  on 
nervous  influence,  "  which  is  detached  down  the  motory  fibres  before 
reaching  the  brain,"  are  unaccompanied  by  sensation,  and  inde* 
pendent  of  volition.f  It  has,  indeed,  been  remarked  with  regard  to 
this  difficulty,  that  "  if  we  always  possessed  the  means  of  determining 
where  consciousness  and  spontaneity  do  and  do  not  exist,  we  should 
have  comparatively  little  difficulty  in  drawing  a  definite  line  of  demar- 
cation between  "  plants  and  animals."  J  Yet,  in  point  of  fact,  we  should 
then  have  merely  a  psychical  character,  which,  in  reference  to  other 
characters  purely  physiological,  anatomical,  and  chemical,  might 
prove  aflter  all  to  be  an  artificial  one,  drawing  the  boundary-line  as 
arbitrarily  as  would  be  done  by  any  other  single  character.  But 
taking  the  power  of  self-motion,  irrespective  of  its  cause  in  living 

*  n.  VoLlp.97. 

t  III.  p.  190,  where  the  author,  after  detailing  certain  experiments,  concludes 
from  them,  **  thut  there  is  a  property  of  the  sentient  and  ihotory  system  of  nerves, 
which  is  independent  of  sensation  and  volition." 
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\f  Lmnmus  meant  **  lo^jomotion,"  this  truly  is  as  striking  a 
characteristic  of  a  large  proportion  of  tlie  Aoinml  Kingdom  as  tlie 
fixed  or  rooted  state  is  of  a  still  larger  proportion  of  tbe  Vegetable 
Ktng^ioDi :  but  the  vegetative  fixity  of  the  individual  is  a  character 
which  advances  pretty  far  into  tlie  aiiioial  series*  Not  only  are  most 
polypes  and  a  few  echinoderms  adherent  to  the  place  of  their  growth, 
but  the  whole  class  of  cirripedes  and  some  genera  both  of  articulate 
and  molluscous  animals,  e.  g.  Serpula  and  Oxtrea^  are  cemented  by 
their  shells  as  iminoveably  to  the  rock  on  which  they  grow  as  are  the 
tm-^weeds  that  float  beside  them  iVom  their  adherent  base.  On  tbe 
other  hand,  many  microscopic  single-celled  plants,  as  well  as  the  cili- 
ated zoospores  or  embryos  of  the  Vaiicheria*  and  other  algae,  and  of  the 
sponges*  have  a  more  rapid  locomotion  than  some  of  the  polygastric 
fUi i ma icules  enjoy ;  allhon^h  in  neither  case,  probably,  does  it  arise 
from  a  distinct  act  of  volition.  Tbe  movements  of  the  osciMatoriae, 
and  the  more  partial  sbrinkings  of  the  sensitive-plant  from  the  touch, 
frhow  that  *' motion"  merely,  whether  of  the  whole  or  of  the  parts 
of  A  Living  organism,  will  not  determine  to  which  kingdom  it  belongs. 
Blamenbach^  who  appreciated  the  insufficiency  of  the  pj?ychical  cha- 
racter from  "spontaneous  motion,"  adopted  an  anatomical  one:- — 
•*  Plants  absorb  their  nutriment  by  meana  of  numerous  fibres  placed  at 
the  lower  end  of  their  bodies:  animals  have  a  simple  opening  at  their 
opper  or  anterior  extremity,  leading  to  a  capacious  bag,  into  which 
they  introduce  their  food:  "f  Boerhaavef  had  long  before  said  that 
the  food  of  plants  was  absorbed  by  external  root?,  and  that  of  ani- 
mals by  internal  roots;  and  Htinter^s  favourite  anatomical  character 
for  animals  was  tbe  "mouth  and  stomach."  But  the  free  parasitic 
!IU0  Gre^arina  §,  with  its  contractile  cell- wall,  which  is  soluble  in 
ctic  aeid»  and  many  of  the  freely  moving  infusoria,  have  no  mouth 
alimentary  canal ;  and  there  is  nothing  that  can  he  properly 
'stomach"  in  the  cestoidea.  The  cellular  parenchyrae  of  tape- 
worms is  traversed  by  canals  more  analogous  in  character  to  those 
wMeh  take  the  place  of  the  digestive  cavity  in  'sponges.  The  sap- 
TeMpls^  and  the  whole  system  ol'  intercellular  spaces,  with  their  outlets 
in  thettomatft,  of  plants,  exhibit  an  analogous  arrangement.  Carbonic 
cid»  the  nutritive  material  in  plants,  passes  through  the  pores  of 
elongated  canals  of  llie  intercellular  spaces  and  is  taken  into 
tb«  sorrounding  cdls  as  formative  material ;  just  as  albumen  and 
flic  hydrates  of  carbon  are  introduced  by  the  stomata  of  the  tape- 
worm into  the  longitudinal  canals,  and  pass  through  their  pores 
ftto  the   surrounding  vacuolar   or  cells :    the  same  materials,   in   a 
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coarsoT  form,  passing  by  the  more  obvious  moath  into  the  wid^^ 
digestive  sac  of  the  higher  animals.     There  is  no  essential  or  we^*^ 
defined  distinction  of  assimilative  structure  here  :  the  difference  is   ^ 
most  one  of  form  and  proportion  of  the  internal  cavities  and  of  th^**^ 
external  openings:  they  are  the  same  as  to  function  in  plants  ar*^ 
animals.     The  more  free  and  locomotive  the  organism,  the  mos*^ 
eapacious  the  internal  receptacle  for  the  matters  to  be  assimilateid' 
the  characteristic  differences  of  form  fading  away  in  the  passage  frofi> 
the  pendnnt  parasites  and  the  polypes  to  the  astomatous  polygastriSy 
the  sponges,  and  plants  proper.     So  that  if  the  presence  of  absorbent 
pores  and  assimilative  cells,   instead  of  a  mouth  and  stomach,  be 
deemed  a  Vegetable  characteristic,  then  this,  like  the  rooted  character, 
mounts  up  a  certain  way  into  the  Animal  Kingdom. 

When  the  chemist  entered  upon  his  valued  investigations  into  the 
changes  which  living  organisms  wrought  upon  surrounding  media 
and  those  media  upon  them,  he  found  that  plants  and  animals 
differed  in  their  behaviour  in  these  respects.  Plants  exhaled  oxygen, 
animals  carbonic  acid :  the  gas  which  was  food  to  plants  was  poison 
to  animals ;  animals  inspired  the  oxygen  which  plants  exhaled. 
Thus  the  balance  of  the  gases  in  the  atmosphere  was  beneficially 
maintained  by  the  antagonistic  actions  of  the  two  kingdoms.  And 
in  a  general  way  this  is  true,  but  the  chemical  antagonism  fails  as  a 
boundary  line  where  we  most  require  it,  as  we  approach,  viz.,  the 
confines  of  the  two  kingdoms.  Wohler  *  has  shown  that  some  of  the 
free  and  locomotive  Polygastria,  e,  g,y  Chlamidomonas  pulvisculus, 
Euglena  viridis,  Frustulia  salinoy  eliminate  pure  oxygen,  as  the 
ultimate  metamorphosis  of  their  tissues:  and  on  the  other  hand, 
Drs.  Schlossberger  and  D5pping  f  have  proved  that  mushrooms  and 
sponges  exhale  carbonic  acid.  The  green-coloured  matter  called 
*'  chlorophyll "  which  is  common  in  most  plants,  exists  in  the  Poly- 
gastria, in  the  green  PlanarisB,  and  the  fresh-water  polype. 

As  regards  the  conversion  of  the  surrounding  elements  into  their 
own  matter,  animals  combine  carbon,  hydrogen,  oxygen,  and  nitrogen 
to  form  the  proximate  principles  of  most  of  their  tissues,  which  are 
thus  '^  quaternary  "  compounds ;  whilst  the  tissues  of  plants  are  in 
general  "  ternary  "  compounds  of  carbon,  hydrogen,  and  oxygen,  and 
sometimes,  as,  e.  g,y  the  cellulose  substance,  only  ''  binary "  ones  of 
carbon  and  hydrogen.  But  if  the  presence  of  nitrogen  in  the 
organic  tissues  be  taken  as  an  animal  characteristic,  then  we  find  it 
descending  pretty  far  into  the  vegetable  series,  the  element  being 

♦  Vin.  1843.  p.  206.  t  Ih.  bd.  In.  p.  119. 
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present  in  the  algae,  the  fungi,  and  almost  all  crjptogamia.  On 
the  other  hand,  it  has  been  shown  by  Schmidt  *  that  some  animal 
tissues  are  binary  compounds,  as  e.  g,y  the  mantle  of  the  Frustulue  and 
the  thick  cellular  tunic  of  the  Ascidue. 

Thus  whilst  it  may  be  affirmed  in  a  general  way  that  plants  decom- 
pose and  animals  recompase  carbonic  acid,  the  one  fixing  the  carbon 
and  3rielding  the  oxygen,  the  otlier  freeing  the  carbon  in  combination 
with  oxygen  taken  from  the  atmosphere;  that  the  plant  exhales 
less  water,  and  the  animal  more  water,  than  it  imbibes ;  that 
whilst  the  plant  ^es  ammonia  and  uses  its  elements  for  the  produc- 
tion of  organic  compounds,  the  animal  sets  free  azotised  substances 
which  speedily  resolve  themselves  into  ammoniacal  compounds; — the 
beneficial  antagonism  can  only  be  predicated  in  a  general  way  of  the 
more  complex  or  typical  members  of  each  kingdom  respectively,  and 
will  not  serve  as  a  rigorous  basis  of  definition  in  the  lower  approxi- 
mated forms  where  the  aid  of  the  chemist  has  been  most  wanted  for 
that  purpose. 

The  physiologist  has  asserted  that  plants  alone  can  subsist  on 
inorganic  matter,  and  that  animals  depend  upon  plants  for  combining 
the  elements  into  binary  and  ternary  compounds  essential  to  animal 
support,  t  And  this  also  is  in  some  degree  true :  the  lichen  that 
first  clothed  the  granite  rock  must  have  converted  the  inorganic 
elements  into  cellular  tissue.  Animals,  as  a  general  rule,  subsist  on 
vegetable  or  on  animal  matter,  or  on  both.  But  no  proof  has  been 
given  that  the  FrustuluB  and  other-  astomous  polygastria,  which 
separate  oxygen  in  excess,  do  not  effect  this  by  reducing  the  carbonic 
acid  of  the  atmosphere,  and  fixing  the  carbon,  in  order  to  produce 
their  fats  and  hydrates  of  carbon ;  or  that  they  do  not,  in  like 
manner,  assimilate  their  ammonia  either  directly,  or  by  taking  the 
nitrogen  of  the  atmosphere  into  the  required  combination  ;  and  so  by 
its  subsequent  combination  with  the  elements  of  the  fats  and  hydro- 
carbonates,  produce  their  proteine  compounds  and  albuminates.  Still 
less  proof  or  probability  have  we  that  the  typical  or  higher  organised 
forms  of  vegetation  could  flourish  without  the  support  of  decaying 
organised  tissues,  superadded  to  the  air  and  water. 

Ehrenberg  %  seems  to  have  rested  from  his  analysis  of  the  distinc- 
tion between  plants  and  animals,  on  arriving  at  considerations  offered 
by  the  generative  function,  and  accordingly  refers  the  '*  DesmidicB^ 
**  Diaiomace€By**  and  "  ClosteruB  *'  to  the  animal  kingdom,  which  he 
characterizes  by  "the  power  of  increase  by  voluntary  division,"  super- 

•  IX.  p.  34.  t  X.  Vol.  i.  p.  2.  t  XL  p.  88. 
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arfiM  to  telf-moiion.    But  growth  bj  elongation  and  bisection  of  the 
eelU  lA  ^*iry  frer|uent  if  not  universal  in  the  more  simple  algs; 
whiUt  propaji^ation  hj  spontaneous  fission  is  the  common  mode  of 
in^.r^a^  of  iUi  Hingle-celled  plants  which  constitute  jeast  (  Torula 
e^r^Kuii)  and  the  colouring  matter  of  red  snow  (Protoeoccus  miralis). 
All  living  organs  are  continually  receiving  additions  to  their  sab- 
wUnrjfsn ;  and  so  long  as  these  exceed  in  quantity  the  parts  removed, 
Ih/ry  nrf.  Mid  ^  to  grow."   Plants  seem  to  grow  as  long  as  thej  live  ;  but 
if  tlf';  tr^^;  and  otlnrr  compound  kinds  be  rightly  regarded  as  organic 
m^^MiUntn  of  individual  phytons,  then  these,  when  fully  developed  into 
til/;  fz/nn  of  the  leaf,  the  sepal,  the  petal,  or  the  pbtil,  abide,  like  the 
yiAy\9*i  *Ji  the  Wimfwund  coral,  without  further  growth,  until  the  period 
iA  tiMrir  iV'A'My  or  fall.     And  if  this  philosophic  interpretation  of  the 
**U^*M  **  fi<;  nry'jiU'A  and  the  common  notion  of  its  individuality  be  held 
t//  \m'.  iU'i  trii^r  on<;,  it  will  as  little  assist  in  differentiating  the  plant  and 
III/;  «niriial  by  the  clmriu:tcr  of  growth :  for  the  compound  zoophyte  must 
tlM;ii  \h:  n;^tird<;d  as  a  nittny-niouthcd  individual,  and  any  climacteric 
4$^Mation  of  its  (rrowtli  can  be  as  little  predicated  of  it,  as  of  the  com- 
l^f/Mrid  individual  plant.     But  in  regard  to  both  trees  and  zoophytes 
it  IK  plain  that  th(;re  is  a  certain  term  of  growth,  even  for  the  com- 
l^/und  wIm/U;  ;    for  most  species  have  a  characteristic  maximum  of 
MX^,  oiUnrmwi  we  should  not  see  the  £lm  of  50  years  surpassing  the 
y«;w  tff  fAH)  yi^rs :  and  no  term  of  life  would  bring  the  Elm  or  the 
Y*iW  Ut  an  «$f|uulity  of  size  with  the  mighty  Boabdad  (Adansonia). 

I'liif  'rniatures  that  api>ear  least  equivocally  to  enjoy  growth  during 
IIm;  whole  U'.nn  of  their  existence  are  the  Troui^  the  Pikey  the  Ana- 
eoft/dfi,  th<;  Teitudo  eitphantopus,  and  the  like  cold-blooded  vertebrate 
individuals :  although  as  the  rate  of  growth,  which  is  always  slow, 
Itni'AHtw*  klower  as  age  advances,  they  seem,  during  the  few  years 
that  a  naturalist  can  watch  an  aged  individual  of  these  long-lived 
s|M5eies,  to  be  stationary  in  regard  to  their  growth.  The  records  of 
unusually  large  Hpecimcns  of  such  cold-blooded  animals  always  asso- 
ciate such  uncommon  size  with  far  advanced  age,  and  imply  that  there 
is  no  definite  |M!riod  arresting  their  growth  as  in  the  warm-blooded 
ver(ebrat<iS.  Still,  however,  as  in  trees  and  zoophytes,  the  recog- 
nised average  size  characteristic  of  dilTerent  species  of  fishes  and 
reptiles,  which  all  start  from  a  germ-cell  of  nearly  the  same  minute- 
ness, shows  plainly  that  there  is  a  specific  limit  of  growth  for  each. 
And  this  at  least  is  certain,  that  the  '*  continually  receiving  additions 
during  the  term  of  existence",*  however  understood,  helps  us  no  way 
towards  the  discrimination  between  plants  and  animals. 

♦  V.  p.  182. 
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Thus,  ftfter  reviewing  the  different  characters  by  which  it  has  been 
attempted  to  distinguish  the  gpocial  subjects  of  the  botanist  and 
loologlat,  we  find  that  neither  sengation  and  motion,  the  internal 
MBimilating  cavity,  the  respiratory  products,  tlie  chemical  const  it  u- 
tioD  of  the  tissues,  nor  the  source  of  nutriment,  absolutely  and  un- 
equivocally define  the  boundary  between  the  animal  and  vegetable 
kingdoms*  We  can  only  recognise  the  plant  or  animal  when  a  cer- 
tain oamber  of  their  supposed  characteristics  are  combined  together, 

A  rooted  organism,  exhaling  oxygen,  with  tissues  chiefly  cora- 
poeed  of  cellulase  or  of  binary  or  ternary  compounds,  is,  witliuut 
qtiestton,  to  be  caUed  a  "plant/'  An  irritable  or  locomotive  orga- 
nutm,  with  a  mouth  and  stomach,  with  gelatinous  or  albuminous 
tissues,  or  chiel!y  composed  of  quaternary  compounds,  exhaling  car- 
bonic acid,  is  as  certainly  an  "animal,"  But  such  ** plants'*  and 
**aniniala*'  are  specially  defined  nicmbcrs  of  one  and  the  same  great 
iainily  of  organised  beings. 

An  internal  assimilatire  cavity,  whether  in  the  form  of  cells,  c«nal5, 
or  bags,  h  essential  to  alL  The  movement  of  a  part,  when  stimulated, 
U  a  property  continued  from  the  liighcr  organised  forms  far  down 
Into  those  that  manifest  the  combined  characteristics  of  the  vegetable 
kingdom,  as,  e,  g,  in  the  Mimosa  pudica  and  the  Diofuea  muscipula, 
as  to  which  the  statement  that  such  movements  were  destined  solely 
for  the  furtherance  of  formative  operations,  would  be  purely  gra- 
tuitous* Locomotion  also  crosses  the  supposed  line,  and  is  an  en* 
dowment  of  the  embryos  or  spores  of  the  sea-weeds.  On  the  otiier 
hand^  the  rooting  or  fixation  of  the  organism  is  continued  upwards 
from  the  vegetable  kingdom  into  the  Radiate,  the  Articulate,  and 
the  Molluscous  divisions  of  the  animal  kingdom.  The  cellular  and 
cellulo-voscular  forms  of  the  assimilative  cavity,  common  to  plants 
'OS,  is  repeated  in  the  cestoid  entozoa,  the  astoraous  poly- 
e  rhizopoda,  and  in  the  early  embryos  of  all  higher  animals. 
Tissties  of  binary  compounds  are  found  in  polygastria  and  ascidia?, 
a»<l  til©  chitinous  coverings  of  insects  and  crustaceans  have  a  much 
fMn^mr  resemblance  to  ligneous  fibre  than  to  proper  animal  tissues, 
n  nee  of  starch  is  of  itself  quite  inader|uate  as  a  ground  of 

di -i-jn,   even  were  it  proved  to  form  part   of  the  proper  cell- 

walU.  And,  on  the  other  hand,  nitrogen  combines  with  carbon  and 
bydrogen  to  constitute  the  chief  tissues  of  the  sponger,  algoe,  and 
fuDgi.  These  exhale  carbonic  acid  like  well-organised  animals,  and 
the  polygastria  exhale  oxygen  like  typical  plants, 

llitii  the  groups  of  characters  that  are  essential  to  the  true  defini- 
tion of  a  plant  and  an  animal  interdigitate,  so  to  speak,  in  that  low 
il6|»artment  of  tlie  organic  world  from  which  the  two  great  branches 
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fj«  -iri/l  'liv«r/»!.  Kvrry  naturalist  or  p^jsjiuicMC  i*  b  iiuarsf. if 
t*,»ri* .  Ui  n'I/<|.r  any  our:  r^f  th':  rhara/r:«r-  '..102  JiL^'t  itstts.  anvani 
^/, '.i/i'l'  M.f  twn  kiiiK<i""i»;  ^ut  th«:  bcr^-iuj.  «:  bsdnisiL  nl  fee 
urtiTi'  lit.  'iri') « (t«  li  f|if|i:rf'Ml  (:liara#:t<:r  wili  bifn:?  Sri  aftiitiBtakiie  ^^sol 
in  •«  'It^i  f  ni  iiihtiidf.  of  the  or^^ftnic  worl'L 

AriirniiU  iifi'l  plfirifi,  t)ii:fi,  ar«f  not  two  CAS^nl  ^Tmi'JOA,  :qs  ac 
fff.f/iili4"l  rill  inlf<'f «,  of  (iiiiT  uml  the  eame  griAS  r^«25-  :if  -frziaiai 
I*'  ir>t/<      Wli'fi  M  ri:itiiin  iiiinilHsr  of  ckanct«r«  <i:a»:TC  3.  "sut  laM 
'.rj/ ill! 1 4111.   if 4  litli-  In  Ih*    n;;(nnl«'d  as  a   *'pUn»*  -:r    u.  -joaal* 
fiiif/  h'    f  uglily  iiii'l   itiihiliilfihly  n^co;^niAe4 ;  but  1^2^  at^  tvj  ■■- 
«ii«  rMi.:  iiyffi|/  lf<ifi)/<!,  i-«i|MTiiilly  thoHc  that  retain  tL<:-:«z.  zi  ^xkeaui 
itW'i,    vfhi'h   iiitiiiili-..i   th«'  roiiiiiion  organic  characters  ic:  vid 
i\,f    <li.hii«  iivi-  cii|Miiii|ilttioiiri  (if  cither  kingdom.     SacL 
MM    III'     lhnlnnniii;i^    Ih'Hmiilitr^   Protftcocci j   I'oirocima^  I 
.|«///«i#tfi/.   't'hiilnn^iinlii-^  \\\\\\  Spnnguc ;  all  of  which  retain  t&ecte* 
r..M'i  '.f  Mif  '.i{/iiiii.:(4l  f  11  mill iiii'iital  nucleated  cell,  with  comptfitiTCl^ 

liMli     >  hiili|/f    III    i:ll|ii-lllihlllin||. 

Im  II  "'111*  tMiihiiff  i  k|)n"tM|y  of  the  animal  organisation  I  am  nik^* 
•/ 1)11111/  I'f  III'  itiili  iiHiii-  I  hull  the  /.<Nih>j.nst  may  fairly  lay  claim  t€^  an  ^3 
\  III' If  I'. M  liMil-  (ill  iniiiiii  ninihiiiutiiintiof  characters  as qoalificatioiK^^ 
\t,i  ..iliiii-.^i'iii.  itlihiiiiKh  iMM'iiMJDnul  illustrations  of  organic  fDncti<w> -^ 
«h1I  If  ihiivi'l  Imiiii  lhi<  iiiili'lrriniiiutc  organisms  above  mentioned. 

'Iliii'  il  hiihiliihly  III'  |iiirtN  or  h)comotion  of  the  whole  be  vC^^ 
III! 'iiiiiMiiiii  ■!  (\iih  iiiiiiiih  iumI  Htoinarh,  it  must  be  manifested  V»^7 
|ii'iKiiiiiiii  ii.-niH  ii  III  i|iiiiii>i-iiiiry  coinpouiids,  and  the  cell-waUs  ao.^^ 
lilfiiM  iiiii.H  I  iiiiniiii  III' iilliiiiiiiiiniis  or  gi^lutinous  matter,  or  be  solub*-^ 
111  III  I  hi  III  ill 

If  iMiiiii    III   till-  ti:i:iiirN  of  till  orpuiiHin  are  binary  compounds,  y^ 
)f  III-  y  iiiiliiili  II  niiiitiiit'h  with  II  mouth,  and  are  also  associated eitli^ 
Willi  iiiiiiilili   iMiiln  III-  II  piiwrr  of  hn'oniotion,  such  organism  will  \f^^ 
nil  Mill  III  llii'  iiitimiil  Uiii^'ihtm. 

Will  II  III  II  iiiiiiiili  mill  alinit'iitary  ounal  arc  superadded  definit^ 
imiiH  iiltii  iiml  iirMiiUN  It  In  nii-nt  s,  u  hoart,  a  breathing  apparatus,  an^ 
|/rtii  Miiivf  nif.'iiiiM,  iiii  iloiiht  t)f  tho  aiiiniality  of  the  organism  caX^ 

III:  I  lili-l  hillinl. 

Iliiiiiiji  ihiirt  hii^  down  till'  grounds  on  which  I  have  marked  ou^ 
Ihiif.  Iiii/lirr  dixinioii  of  oivjiiiiHrd  luHlics  wliich  is  the  proper  subject 
oC  I  III*  ntiidii'M  of  thr  /notoinist.  I  prmH'ed  next  to  oifor  a  few  remarks 
on  tlm  liiidiiif^  vuri'MicM  and  ^nuies  of  structure  in  the  animal  king- 
dom, ill  HO  fur  as  llu»y  m-f  guides  to  its  olassilioation. 

Kitth;  iiHcl'ul  proj^nss  can  bo  made  in  Comparative  Anatomy 
without  Hoine.  knowled;je  of  Zoohigy,  Zoology  is  the  key  to  the  na- 
ture and  habits  of  the  unimaU  of  which  Zootomy  unfolds  tho  struc- 
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Some  knowledge  of  naturnl  liistory  and  of  the  principles  of 
classification,  therefore,  is  esdeotial  to  the  comprehenisioii  uf  the  con- 
oeclion  between  structure  and  habits,  on  which  the  utility  of  Anatomy 
in  the  advancement  of  Pbygiology  mainly  depends* 

The  eUidsification  of  animals  is  not  now  what  it  was  in  the  time  of 
Unnaeus*  I  do  not  mean  merely  to  say  that  animals  are  difierently 
mmuigedy  but  the  objects  and  principles  of  that  arrangement  are  very 
di0ereiit 

LinojBUj?  in  his  Systcma  Natura;  wished  to  give,  as  it  were,  a 
Dictionary  of  the  Animal  Kingdom,  by  reference  to  which  you  might 
M  radiiy  ascertain  the  place  of  the  animal  in  his  system  as  that  of  a 
W0ni  in  a  lexicon  by  merely  know^ing  its  first  and  second  letters. 
To  this  end,  Linnzeus  selected  a  few  of  the  most  obrious  characters 
for  the  establishment  of  his  groups. 

Taking,  for  example,  a  certain  number  of  incisor  teeth  and  the 
pectoral  position  of  the  mnmmie,  as  the  characters  of  his  first  order  of 
animals,  he  thereby  associated  man  with  the  monkeys  and  the  bats. 
But,  independently  of  the  psychical  endowments  which  place  the 
IsQmaD  species  far  above  the  lower  creation^  it  may  readily  he  con- 
oei^4?d  that  great  dififerences  of  organisation  must  exist  in  animals 
which  enjoy  the  erect  position  on  two  feet,  in  those  which  climb  by 
baring  four  hands,  and  in  those  which  fly  by  having  their  an  tenor 
members  in  the  form  of  wings. 

External  and  arbitrary  characters,  selected  merely  for  the  con- 
venience of  their  appreciation,  thus  tend  to  the  association  of  very 
ditlerently  organised  speciesi  and  as  often  separate  into  very  re- 
mote groups  of  an  artificial  system  two  animals  which  may  have 
Tcry  similar  anatomical  structures*  Of  this  we  have  several  ex- 
amples in  the  Linn^ean  subdivisions  of  the  ckss  of  Bshea,  the  orders 
af  which  arc  characterised  by  the  easily  recognisable  position  of  the 
Uns,  Linnffius's  attention  was  particularly  directed  to  the  very  vari- 
aVle  position  of  the  ventral  pair  of  fins,  which  are  the  homologuei 
tJie  hinder  limbs  in  hiiid  animals.  In  some  fishes,  as  the  pike  and 
oy  other  fresh-water  species,  the  ventral  fins  are  at  some  distunce 

bind  the  pectoral  fins,  or  in  their  usual  place  —  these  foruicd  the 
ibrdcr  Aifdominales :  in  others,  as  the  perch,  the  ventral  fins  are 
attaehed  Uineath  the  ttiorax— these  constitute  the  Thoracic  order; 
in  others,  as  the  cod,  you  find  the  ventral  fins  in  advance  of  the 
pectorals,  or  under  the  tliroat — such  species  formed  the  Piscm  jugu* 
lares  of  Linnaeus :  lastly,  those  species  in  which  the  ventral  fins  are 
klUigether  wanting,  as  the  eel,  formed  the  Apodut  order, 

Buch  a  system  has  the  advantage  of  enabling  the  collector  to  refer 
ritb  great  facility  any  fitih  to  its  artificial  order:  but  you  can  searccty 
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rise  and  diverge.  Every  naturalist  or  physiologist  is  at  liberty,  c^^ 
course,  to  adopt  any  one  of  the  characters  that  have  been  suppoa^s^ 
to  divide  the  two  kingdoms ;  but  the  boundary,  so  defined,  will  1:7^ 
artificial,  and  each  different  character  will  bisect  the  debateable  grouim^ 
in  a  different  latitude  of  the  organic  world. 

Animals  and  plants,  then,  are  not  two  natural  divisions,  but  an^ 
specialised  members,  of  one  and  the  same  great  group  of  organised 
beings.  When  a  certain  number  of  characters  concur  in  the  samie 
organism,  its  title  to  be  regarded  as  a  ''plant"  or  an  ''animal" 
may  be  readily  and  indubitably  recognised ;  but  there  are  very  nu- 
merous living  beings,  especially  those  that  retain  the  form  of  nucleated 
cells,  which  manifest  the  common  organic  characters,  but  without 
the  distinctive  superadditions  of  either  kingdom.  Such  organisms 
are  the  DiatomacetB,  DesmiduBy  Protococciy  VolvocitUBj  VtbrioneSy 
AslasiacBf  ThalassicoltBy  and  Spongia ;  all  of  which  retain  the  cha- 
racter of  the  organised  fundamental  nucleated  cell,  with  comparatively 
little  change  or  superaddition. 

In  a  work  treating  expressly  of  the  animal  organisation  I  am  un- 
willing to  include  more  than  the  zoologist  may  fairly  lay  claim  to,  and 
I  therefore  look  for  certain  combinations  of  characters  as  qualifications 
for  admission,  although  occasional  illustrations  of  organic  functions 
will  bo  derived  from  the  indeterminate  organisms  above  mentioned. 

Thus  if  irritability  of  parts  or  locomotion  of  the  whole  be  not 
accompanied  with  mouth  and  stomach,  it  must  be  manifested  by 
proximate  tissues  of  quaternary  compounds,  and  the  cell-walls  and 
fibres  must  consist  of  albuminous  or  gelatinous  matter,  or  be  soluble 
in  acetic  acid 

If  some  of  the  tissues  of  an  organism  are  binary  compounds,  yet 
if  they  include  a  stomach  with  a  mouth,  and  are  also  associated  either 
with  irritable  parts  or  a  power  of  locomotion,  such  organism  will  be 
referred  to  the  animal  kingdom. 

When  to  a  mouth  and  alimentary  canal  are  superadded  definite 
muscular  and  nervous  filaments,  a  heart,  a  breathing  apparatus,  and 
generative  organs,  no  doubt  of  the  animality  of  the  organism  can 
be  entertained. 

Having  thus  lai^  down  the  grounds  on  which  I  have  marked  out 
that  higher  division  of  organised  bodies  which  is  the  proper  subject 
of  the  studies  of  the  zootoniist,  I  proceed  next  to  offer  a  ^qw  remarks 
on  the  leading  varieties  and  grades  of  structure  in  the  animal  king- 
dom, in  so  far  as  they  are  guides  to  its  classification. 

Little  useful  progress  can  be  made  in  Comparative  Anatomy 
without  some  knowledge  of  Zoology.  Zoology  is  the  key  to  the  na- 
ture and  habits  of  the  animals  of  which  Zootomy  unfolds  the  struc- 
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the  anatomist,  in  the  next  phice,  has  sought  to  discover  the  difference 
which,  added  to  the  definition  of  animaly  would  form  the  most  ex- 
tended species  of  that  genus. 

Aristotle  thought  he  had  found  this  primary  differential  character 
in  the  hlood,  recognising  as  hlood  only  the  circulating  fluid  which 
was  red  coloured.  He  accordingly  divided  the  Zoa  into  Enaima 
and  Anaima,  or  the  sanguineous  and  exsanguineous  animals.  For 
a  long  time  no  advance  was  made  beyond  this  early  step  in  the 
primary  division  of  animals.  It  was  at  length  discovered  that  many 
of  the  exsanguineous  animals  of  Aristotle  did  actually  possess  blood, 
though  differing  in  colour  from  that  of  the  so-called  sanguineous 
species.  This  led,  however,  only  to  a  nominal  improvement  in  the 
classification ;  the  Enaima  were  called  **  red-blooded,**  the  Anaima 
"  white-blooded"  animals.  It  was  reserved  for  Cuvier*  to  discover* 
in  the  course  of  his  minute  dissections  of  the  lower  animals,  that  an 
extensive  class  of  worms  had  red  blood  circulating  in  a  closed  system 
of  arteries  and  veins ;  and  this  discovery  first  materially  affected  the 
value  of  the  character  applied  by  Aristotle  to  the  primary  groups  of 
the  animal  kingdom. 

The  Annelides,  or  red-blooded  worms,  could  not,  however,  be  com- 
bined with  birds,  beasts,  and  fishes,  in  a  natural  system,  since  they 
differed  from  them  widely  in  almost  every  other  particular  of  their 
organisation. 

Some  other  character  was  therefore  sought  for,  since  it  became 
obvious  that  the  colour  of  the  blood  led  to  an  artificial  combination  of 
species.    Lamarck  f  thought  he  had  discovered  the  desired  character 
in  the  vertebral  column,  this  structure  being  present  in  all  the  Enaima 
of  Aristotle,  and  absent  in  all  his  Anaima.     Lamarck   proposed, 
therefore,  the  name  of  Vertebrata  for  the  one  class,  and  Invertebrata 
for  the  other.     Now  it  will  be  observed  that  the  Invertebrata  are 
grouped  together  by  a  negative  character ;  and  I  know  not  any  in- 
stance where  such  a  character  has  been  employed  in  zoology,  in  which 
▼ery  differently  organised  species  have  not  been  associated  together. 
^1«U  indeed  can  be  predicated  in  common  of  the  snail,  the  bee,  and 
the  polype,  than  that  they  are  animals,  have  no  red  blood,  no  vertebral 
^lunin,  and  the  like  negations  ?     It  was  obvious  also  that  the  Verte- 
brata and  the  Inverte))rata  were  not  coequal  groups,  and  the  idea  of 
^oivalency  or  proportion,  as  well  as  that  of  likeness,  ought  always 
^  govern  the  labours  of  the  classifier. 

^  ths  attempt  to  remedy  this  defect,  the  discovery  was  made  that 
^  vertebral  column  was  subordinately  related  to  a  condition  of  a 
^uch  more  important  system  in  the  animal  body  than  tlie  skeleton, 

•  XIL  t.  ii  p.  515.  t  Xia 
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vif.  the  nervous  system.  Cuvier*  thereupon  applied  himself  with 
inih-ftttigablc  industry  to  ascertain  the  arrangement  of  the  nerves  in 
the  Invertebrata,  and  after  a  long  series  of  minute  and  elaborate 
dissections,  he  discovered  three  modifications  of  that  system,  each  of 
(H|ual  importance  with  that  which  governed  the  vertebral  character 
of  tlie  red-blouded  animals  of  Aristotle.  Cuvier,  accordingly,  pro* 
posed  to  divide  the  animal  kingdom  into  four  primary  groups  or 
.  sub-kingdoms,  viz.  Vertebrata^  MoUusca,  Articuiata^  and 

fT\  liadiata.^ 
/  I  I  It  is  due  to  Hunter}  to  state  that  the  general  results  of 
I  1  I  his  dissections  of  the  nervous  system  are  expressed  in  the 
r^^^  definitions  of  the  same  leading  types  as  those  of  CUvier ; 
but  he  made  the  minor  differences  which  he  had  detected 
in  the  Vertebrate  series  equal  to  those  primary  types  of  the 
nervous  system  which  now  characterise  the  MMusca  and 
Articulata  of  Cuvier, — a  view  which  would  have  led  to 
erroneous  results  if  applied  to  the  classification  of  the  pri- 
mary groups  of  animals. 

Tlie  Hub-kingdom  Vertebrata,  or  Myelencephala^  is  cha- 
rartiTiMed  by  the  disposition  of  the  principal  mass  of  the 
nrrvouH  system  in  a  median  axis,  consisting  of  the  brain 
and  spinal  chord  {Jiy,  1.),  situated  along  the  dorsal  aspect 
of  tin*,  body,  beliind  the  heart  and  digestive  system;  and 
inclosed  in  u  bony  or  cartilaginous  case,  constituting  a  verte- 
bral column.  Tlie  organs  of  the  fiy^  senses,  sight,  hearing, 
smell,  taste,  and  touch,  are  almost  always  present 

The  respiratory  organs  communicate  with  the  pharynx, 
or  anterior  part  of  the  alimentary  canal. 
The  mouth  is  provided  with  two  jaws,  placed  one  above  or  in  front 
of  the  other. 

Tlie  blood  is  red. 

The  heart  is  a  compact  muscular  organ, 
having  never  fewer  than  two  cavities,  an 
auricle  and  ventricle,  propelling  the  blood 
through  a  closed  system  of  arteries  and  veins. 
The  muscles  surround  the  bony  or  gristly 
levers  on  which  they  act. 

The  locomotive  memb^irs  never  exceed  two 
pairs. 

The  sexes  are  distinct  and  no  species  is 
parthenogenetic. 

In  the  sub-kingdom  MolluscOy  or  Hetero" 
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fiiaia^  tbe  principal  centre  of  the  nervous  system  bears  the  form 
of  a  ring,  sarroundiug  the  gullet,  from  which  the  nerves 
radiftte^  often  unsymmetricallj,  to  different  parts  of  the 
body  (,fiff'  2.) :  the  brain  is  represented  by  ganglions 
above  (o)or  at  the  side  (h)  and  below  the  gullet;  otlier 
,  ^nglions  (c  d)  are  developed  in  other  parts  of  the  body, 
t^  The  form  of  the  body  corresponds  with  the  disposition  of 
the  nervous  system,  and  is  commonly  unaymmetricaL  In 
a  single  order  {Cvphalopods)  the  muscles  originate  from 
an  internal  rudi mental  cartilaginous  skeleton  :  in  the  rest 
they  are  attached  only  to  the  skin,  which  forms  a  soft 
envelope  in  which  there  arc  developed  in  many  species 
one  or  two,  rarely  more,  calcareous  plates,  called  shells. 

The  blood  is  colourless,  or  not  red  ;  the  heart  compact, 
muscular,  and  propilling  the  blood  through  a  closed  sys- 
tem of  arteries  and  veins,  or  venous  sinuses.  • 

The  respiratory  organ  is  never  absent ;  and,  with  the 
exception  of  one  family  {Ascidiarts)^  the  cavity  containing 
it  receives,  or  opens  near,  the  anus. 

The  MolluMca  are  dicecioua  or  hermaphrodite :  some  of 
the  lowest  organised  species  are  parthenogenetic. 

The  third  primary  division  of  the  anima!  kingdom,  viz. 

the  Ariicuhfa^  lias  the  brain  in  the  form  of  a  ring,  em- 

bmring  the  gullet :    a  double  ganglion  above  the  tube 

supplies  the  chief  organs  of  sense  :  from  the  sub-oesopha- 

geal  ganglions  two  chords  are  extended  along  the  ventral 

surface  of  the  abdomen,  and  are,  in  most  species,  united 

at  certain  distances  by  double  ganglions,  which  give  origin 

to  the  nerves  of  the  body-segments  and  their  appendages 

(yty.  3/).    From  the  symmetrica!  disposition  of  the  nervous 

ceatres,  I  have  called  tfiis  sub-kingdom  HomogdngUaiu.     The  body 

fireeents  a  corresponding  symmetrical  form.    The  skeleton  is  external, 

SimI  coDiitsts  of  articulated  segments,  of  frequently  an  annular  form  : 

tlie  articulated  limbs  in  those  species  which  possess  them  have  a  similar 

eanditioD  of  the  hard  parts,  in  the  form  of  a  sheath,  which  encloses  the 

mtudea. 

TIms  rwpiratory  organs  commonly  open  upon  the  sides  of  the  body ; 
rarely  near  the  anus,  and  never  communicate  with  the  mouth. 

•  TH«  Uxiet  phm«j  is  addcd^  in  tho  p  cseiit  cdttioii,  because  the  torm  "  clowd 
iystem  **  hflji  been  fi«pjx**cd  to  imply  a  partictikr  fonn  of  the  veins,  viic  tbe  mbnlar  ; 
aad  hii*  tieen  objected  to  by  the  ntpponcra  of  tho  hypothesis  that  the  Ulood  in  many 

EMoUiiiks  in  dtfTuscd  in  iatefspaeei  or  laetuue  of  tho  viscera  (X  VL  p.  392.).  I  have 
however,  that  these  itipposed  UcuniE  arc  slnu&es  elo^d  or  formed  by  tlie 
timic  of  the  yciijv  See  XVL  p.  3 1 5.  pi.  4.,  and  pL  L  of  the  present  volume. 
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Tho  jaws,  when  present,  are  lateral,  and  move  from  side  to  side. 
The  heart  is  situated  in  the  back,  is  often  vasiform ;  and  the  veins 
are  frequently  in  the  form  of  large,  irregular  sinuses  * ;  there  is  always 
a  circulation,  and  the  blood  is  red  in  one  class  (Anellides). 

Most  Articulata  are  dioecious :  a  few  arc  hermaphrodites :  still 
fewer  are  parthenogenetic. 

Tho  Radiata^  or  fourth  primary  division  of  animals  in  the  system 
of  Cuvier,  is  so  called  because  most  of  the  species  comprising  it  have 
their  parts  arranged  around  an  axis,  on  one  or  several  radii,  or  on 
one  or  several  lines  extending  from  one  pole  to  the  other.  The 
nervous  system,  when  traces  of  it  have  been  vbible,  is  also  arranged 

in  radii  {Jig*  4.).  It  does  not 
present  the  homogangliate  or 
heterogangliate  type.  In  one 
family  only  {HolothuriacUt)  is 
there  a  distinct  respiratory  sys- 
tem :  the  other  characters  as- 
signed by  Cuvier  are  negative 
ones. 

I  have  already  observed,  that 
there  is  no  instance  in  which 
animals,  grouped  together  by 
negative  characters,  have  formed 
a  natural  assemblage;  nor  is  the 
sub-kingdom  Badiata  of  Cuvier 
an  exception  to  this  rule. 
The  truth  is  simply  that  the  anatomy  of  this  immense  assemblage 
of  low-organised  animals  is  not  yet  sufficiently  understood  ;  and,  con- 
sequently, general  propositions,  and  at  the  same  time  positive  ones, 
like  those  which  define  the  Vertebrate,  Molluscous,  and  Articulate 
Bub'kingdoms,  cannot  be  enunciated. 

Much  has  unquestionably  been  done  in  this  field  of  Natural 
Ilintory  since  tho  time  of  Cuvier,  and  attempts  have  been  made,  with 
various  dogrecs  of  success,  to  subdivide  the  Radiata  according  to 
positive  characters. 

The  binary  division,  which  I  proposed  in  18351,  was  founded  on 
tho  following  considerations.  The  Radiata  of  Cuvier,  in  which  the 
nervous  system  could  bo  most  unequivocally  traced  in  a  filamentary 
form,  present  an  alimentary  canal  as  a  distinct  tube,  with  a  mouth 

•  Fir«t  (U'inr)iistnitc(l  by  Hunter,  in  the  Cnistaceans  and  Insects.  Sec  **  Treatise 
on  the  B1(M>(1/'  p.  174.,  and  X.  vol.  il  p.  138.  pLxvii. 

t  Ryllttbus  of  the  Lectures  on  Comparative  Anatomy,  given  at  the  Medical 
Si'hool  of  St.  Bartholomew's.   8vo. 
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LECTURE  II. 

POLTGASTRLA. 


I  propose  first  to  invite  your  attention  to  a  class  of  animals,  the  most 
minute,  and  apparently  the  most  insignificant  of  created  beings.  It 
might  almost  seem  needful  to  apologise  for  the  design  of  trespassing 
on  your  time  and  patience  during  one  or  two  lectures  with  the  Ana- 
tomy and  Physiology  of  creatures  which  are  wholly  invisible  to  the 
naked  eye.  But  we  are  too  apt  to  let  our  judgments  of  the  impor- 
tance of  objects  be  unduly  influenced  by  first  impressions,  especially 
by  those  of  magnitude  or  the  contrary,  which  deeper  insight  into 
their  true  nature  and  value  rectifies. 

The  active  atoms  about  to  be  described,  for  the  knowledge  of 
whose  very  existence  we  are  indebted  to  the  microscope,  are  by  no 
means  the  least  complex  of  organised  beings  ;  those  which  will  be  the 
subject  of  the  present  lecture  belong  to  the  higher  division  of  organic 
nature,  and  most  of  them  manifest  the  distinctive  properties  of  animals 
in  a  striking  and  unequivocal  manner. 

*  A  Glossary  and  explanation  of  the  scientific  terms  will  be  added  to  the  con- 
cluding Lecture. 
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Leenwenhoek  was  little  aware  how  large  a  prospect  of  organic  life 
he  was  opening  to  our  view,  when,  in  the  year  1675,  he  communi- 
cated to  his  scientific  friends  his  discovery  of  the  little  bell-shaped 
animalcule  i^fig^  5.),  now  known  as  one  species  of  an  immense  class, 
and  called  the  Vorticella  convcUlaria,  His  observations  were  pub« 
lished  in  one  of  the  early  numbers  of  the  "  Philosophical  Transac- 
tions": ^  much  discussion  on  the  subject  ensued,  and  called  forth  the 
wit  of  the  philosophers  of  the  day.  However,  the  records  multiplied, 
and  now  we  have  obtained  a  view  of  the  Infusoria,  which  shows 
them  to  be  the  most  widely  diffused  and  by  far  the  most  numerous 
of  all  the  forms  of  organised  life.  Wherever  Ehrenberg  went  in  his 
travels  with  Humboldt,  he  there  detected  with  his  microscope  some  of 
the  manifold  forms  of  these  animalcules ;  and  wherever  his  pupils  have 
repeated  his  observations,  the  same  phenomena  have  been  presented* 
Not  only  in  fresh  water,  but  almost  over  the  whole  ocean,  species  of 
Infusoria  abound ;  if  you  catch  a  drop  of  water  from  the  spray  that 
rises  from  the  paddle  of  the  steam-boat,  in  it  you  will  hardly  fail, 
with  an  adequate  magnifying  power,  to  detect  some  specimens  of  this 
class.  When  Sir  James  Ross  and  his  companions,  in  accordance  with 
their  directions,  took  up  the  film  from  the  surface  of  the  Antarctic 
Sea,  that  film,  in  its  dried  remains,  was  found  to  consist  of  siliceous 
cases  of  the  Infusoria  ;  in  the  mud  brought  up  from  the  depths  of 
the  ocean,  at  the  highest  southern  latitudes  sounded  by  the  deep-sea 
line,  they  were  found ;  and  they  have  also  been  detected  in  the  sand 
adhering  to  specimens  dredged  up  at  Melville  Island,  by  Captain 
Parry ;  so  that  from  north  to  south  poles,  and  in  all  intervening 
latitudes,  these  animalcules  are  diffused,  and  extend  the  reign  of 
animal  life  beyond  that  of  the  vegetable  kingdom. 

You  may  obtain  specimens  of  Infusoria  almost  at  will.  If  you 
skim  a  small  portion  of  the  green  matter,  which  in  summer  time 
mantles  the  surface  of  a  stagnant  pool,  place  a  drop  of  this  in 
the  object-holder  of  a  microscope,  and  examine  it  with  a  glass  of  a 
quarter  of  inch  focus,  you  will  find  it  teeming  with  animal  life ;  you 
will  see  numerous  little  objects,  of  one  or  other  of  the  forms  depicted 
in  these  diagrams  {/igs.  5,  6,  7.),  leisurely  coursing  or  darting  with 
rapidity  across  the  field  of  view,  or  rolling  over,  or  gyrating  on  their 
axes.  If  you  examine  in  like  manner  a  drop  of  water  in  which  haa 
been  infused  any  vegetable  or  animal  substance,  and  which  contains 
the  particles  of  such  substances  in  a  state  of  decay  or  decomposition^ 
you  will  find  such  infusions  similarly  tenanted  with  these  active  ani- 

*  XVII.  p.821. 
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malcules ;  they  have  been  termed  from  this  e^j  and  comroon  \ 
of  procurtDg  them^  the  animals  of  infusion,  or  Infusoria, 

The  earlier  microecopt- 
^  cal  observers   confouniled 

all  the  minute  living  ol^ 
jects  which  they  thus  m« 
irith  under  that  terml 
but  the  progreesively  ilj 
creasing  powers  of  de 
tion  at  the  comisaAd 
later  observers  have  led  i 
the  removal  of  the  singM 
celled  locomotive  phinfl 
(Jig.  7.),  together  witl 
the  embryos  of  polyp 
worms,  and  insects,  froii 
this  motley  and  heteroge 
neous  groups  and  have 
stricted  it  to  those  ani- 
mals which,  in  their  fully 
developed  stale^  mani- 
fest a  form  of  body  mo 
or  less  amorphous,  devoij 
of  radiated   prehensile  arms,  without  definite  locomotive  member 

commonly  moving  by  meanl 
of  minute  superficial  vibr 
tile  cilia  more  or  less  dif 
fused  over  the  surfncc 
llie  body,  or  aggregolcd  id 
circular  groups  ne^r  tii( 
head,  where  they  produo 
by  their  successive  obliqti 
action  the  appearance 
ruptdly  rotating  wheeld 
Only  the  largest  species 
Infu9i>ria  iire  provided  wit| 
the  last  specified  arrang 
inent  of  vi  brat  He  cilia, 
these  "  ^  heel^nnimacules^l 
as  tijey  are  termed,  boinfl 
endowed  with  a  highcJ 
type  of  organit=ation»  mor 
ei^pectally  of  the  digestive  system,  constitute  a  dii^tinet  class  of  Infu 
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Viniii    anfRnmm^f  a    higher    grade  of    organijsafiS^Imn    the 
more  liirtusely  ciliated  groun  (Jtgs,  5,  &  a),  which  is  the  8ubipc?t  nf  the 
^  present  lecture. 

The  sppoies  nf  lui^  gr«nip 
are  esst^ntialiy  nucleated 
ceils,  with  a  superadded 
I  organisation  for  locomotion, 
digestion,  and,  in  some  spe- 
cies, for  circulation  and  ge- 
neration. The  cell- wall  in- 
closea  a  colourless  and  trans- 
parent gelatinous  plasma, 
with  numerous  minute  and 
often  coloured  corpusclua. 
Particles  of  food  wlien 
token  in  are  seen  ta  occupy  subspherieal  and  subequal  spaces  in  the 
fksme  plasma,  and  the  spaces  so  occupied  being  regarded  by  Ehrenberg 
as  stomachi!,  be  has  thence  proposed  for  this  class  the  name  of  /^>/y- 
fffuiria^  which  may  well  be  retained,  allliough  the  idea  of  Ihcjie 
assimilative  cavittea  having  distinct  walls  and  intercommunicaiing 
can  aid  be  abandoned. 

The  most  minute  forms,  as  the  species  caUed  Monas  crcpusculus^ 
Ehr^  have  been  estimated  at  the  g^^V^j  *^^  ^ '^"^  in  diameter.*  Of 
gtich  InfuBoria  a  single  drop  of  water  may  contain  five  hundred  mil- 
Sons  of  individuaUt  —  a  number  equalling  that  of  the  whole  human 
ecies  now  exiting  upon  the  aurface  of  the  earth.  But  the  varie- 
tiei  in  the  size  of  these  invisible  iintmalcules  are  not  le^s  than  that 
irtiich  prevails  in  almost  every  other  natural  class  of  animals:  from 
the  minutest  iV(JW<it/  to  the  larger  apeciea  of  Loxotit'n  or  AmphileptHs^ 
rbich  lire  one  sixth  or  one  fourth  of  a  line  in  diameter*  the  ditiTerence 
SIM  is  greater  than  between  a  mouse  and  an  elephant.  Within 
siich  narrow  bounds  might  onr  ideas  of  the  range  of  size  in  animals 
Lb  d^  if  the  sphere  of  ocrr  observation  wiia  not  augmented  by 

itds! 
Many  of  tlie  polygastric  animalcules  are  naked,  covered  ordy  by  an 
i«tic  traufsparent  integument,  whieli,  in  sonic  (I^tif/lcna,  AmiEha\ 
Oftorith  ;  in  moat  is  more  or  less  ciliated.  Others  arc  protected  by 
abidl«  which  consists  of  pure,  eulourless,  and  transparent  silex. 
ilia  shtdl  may  present  tlie  form  of  a  simple  shield,  indicating  bv  iu 
poAitioQ  tlicbaek  of  the  animal,  aa  in  Eupiira  Charon;  othera  have 
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their  flinty  armour  rewm- 

bling  a  minute  bivalve  shell: 

in  some,  as  the  Navicular  it 

ha«  the  form  of  an  elongated 

Na.uruu.  ^^  ^^  flattened  cyliiider, 

open  at  both  extremities  (^.8.):  it  is  sometimea  8traiglift»  aome- 

times  bent,  like  the  Australian  boomerang ;  it  may  preaent  the  form 

9   jJ^^         ^^  ^  reticulated  cone  {fig.9.\  or  a  diacoid 

-*=^^^^=**    {Jig.  10.) :    in  short,  the 

varieties  of  the  siliceoas 

^^^         shells  of    the   Infusoria 

"^^^^^^-    arc  as  numerous  as  those 

^^^         of  the  calcareous  shells 

of   the   Mollusca.      But 

whatever  their  form,  the 

superficies  of  these  delicate  microscopic  objects  is  generally  sculptured 

with  a  beautiful,  well  defined,  and  more  or  less  complicated  pattern, 

which  makes  it  easy  to  recognise  the  species,  and  distinguish  them 

from  one  another. 

Most  of  these  animated  minims  are  locomotive  and  free ;  a  few,  aa 
the  VorticelliBj  are  attached  to  foreign  bodies  by  a  long  and  highly 
irritable  and  contractile  pedicle ;  others,  as  the  GomphonemOj  are 
appended  to  the  extremities  of  the  branches  of  a  dichotomously  di- 
vided stem. 

In  Loxodca  Bursaria  (fig.  18.)  the  parietes  of  the  body,  which 
equal  about  one-sixth  of  its  transverse  diameter,  consist  of  an  outer, 
firm,  colourless  substance  supporting  the  cilia,  and  of  an  inner,  softer 
matter,  in  which  green  globules  are  imbedded.  The  outer  layer  is 
marked  by  numerous  close-set,  fine  grooves,  extending  obliquely  or 
spirally,  and  in  opposite  directions,  over  the  whole  outer  surface, 
giving  it  an  "  engine-turned**  or  reticulate  character.  The  cilia  are 
attached  to  the  eminences  defined  by  the  decussating  grooves,  and  are 
of  considerable  length,  when  seen  in  the  quiescent,  dying,  or  decom- 
posing animacule.* 

The  green  corpuscles  imbedded  in  the  deeper  layer  are  spherical 
nucleated  cells,  corresponding  in  their  chemical  characters  with  the 
chlorophyll-corpuscles  of  Vouch eria  and  other  Algas ;  the  similar  cor- 
puscles which  float  in  the  fluid  contents  of  the  body  are  seen  in  cir- 
culation close  to  the  inner  surface  of  the  parietes,  in  the  direction 
indicated  by  the  arrows  in  ^g,  18. 

The  locomotive  Polygastria  propel  themselves  through  the  water 
by  the  action  of  their  vibratile  cilia,  which  are  sometimes  generally 
♦  XVnL  t.  xxxiv.  fig.  vii.  Bursuria  veriuUiM. 
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diffased,  as  in  Leucaphrys  {fig,  13.\  Loxode$  {fig.  1 8),  Burtaria^  Nas' 
tula;  sometimes  aggregated  in  longitudinal  rows,  as  in  AmphUeptus; 
or  in  transverse  circles  along  narrow  bands,  as  in  Trichodina  ;  or  thej 
are  limited  to  the  region  of  the  mouth,  as  in  the  VorHceUm^  {fig,  5.),  in- 
dicating the  passage  to  the  higher  or  Rotiferous  group.  The  body  in 
Peridinkam  is  girt  with  an  oblique  hoop  of  long  cilia.  In  most  Poljgas- 
tria  the  cilia  are  longer  than  they  are  commonly  represented,  and  the 
marginal  cilia  of  the  flat  body  in  Stylonychia^  and  the  ventral  ones  in 
OxyMcha  and  EuploteSy  are  of  such  relative  sice  as  to  give  the  species 
a  myriapodous  character,  and  are  used,  like  little  feet,  to  creep  along 
the  stems  of  the  chara,  and  other  minute  vegetable  plants.  In  some 
Polygastria  cilia  are  supported  on  one  {Amblyophis)  or  two  (  Chlorogo- 
nmm)  tentacular  processes,  which  wave  to  and  fro  and  create  currents 
in  the  water ;  in  Peridinium  tripos  there  are  three  such  prolonga- 
tions ;  but  true  jointed  locomotive  members  are  never  developed  in 
any  of  this  minute  and  primitive  race  of  animated  beings.  They  retain, 
throughout  life,  those  simple  vibratile  organs  which  produce  the  ro- 
tatory movements  in  the  ova  of  Mollusca  whilst  imprisoned  in  their 
nidus,  which  are  the  agents  of  analogous  movements  of  the  Mamma- 
lian ovum  in  the  fallopian  tube,  and  which  are  probably  common  to 
the  embryos  of  all  classes  of  animals  at  that  early  period  which  the 
Polygastric  Infusoria  seem  permanently  to  represent. 

These  cilia,  the  outward  instruments  of  locomotion  in  Infusoria, 
and  which  are  retained  on  a  greater  or  less  proportion  of  the  mucous 
surfaces  of  all  animals,  most  probably  vibrate  by  virtue  of  the  con- 
tractility of  their  tissue.  Ehrenberg,  however,  directs  attention  to 
their  expanded  base  in  some  Polygastria,  and  especially  to  a  radiated 
structure  there  which  he  conceives  to  indicate  the  disposition  of  the 
muscular  fibres  moving  such  cilia. 

In  observing  the  motions  of  the  Polygastric  Infusoria,  one  per- 
ceives that  tliey  avoid  obstacles  to  their  progress ;  rarely  jostle  one 
another ;  yet  it  is  difficult  to  detect  any  definite  cause  or  object  of 
their  movements.  Some  species,  it  is  true,  prey  upon  animalcules  of 
their  own  class,  and  will  gorge  an  individual  of  nearly  their  own 
size,  which  they  attract  by  the  currents  in  the  water  caused  by  the 
oral  vibratile  cilia,  or  entangle  and  inclose  by  those  organs.*  But 
the  greater  number  of  the  class  subsist  .on  the  minute  atoms  of  the 
decomposing  animal  and  vegetable  substances  of  the  fiuids  or  in- 
fusions in  which  they  exist,  -^  particles  which  do  not  require  a 
definite  pursuit,  since  they  are  inert  and  generally  diff*used  through- 
oat  the  infusion. 

♦  XrX.  p.  202. 
o  3 
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Tlic  motionfl  of  the  Poljgastria  have  appeared  to  me,  long  watdiing 
thcni  for  indications  of  volition,  to  be  in  general  of  the  nature  of 
rt'fi{Mratory  actn,  not  attempts  to  obtain  food  or  avoid  danger.  Yeiy 
seldom  can  they  be  construed  as  voluntary,  but  seem  rmtber  to  be 
automatic  ;  governed  by  the  influence  of  stimuli,  within  or  withoat 
the  boily,  not  felt,  but  reflected  upon  the  contractile  fibre ;  and 
therefore  are  motions  which  never  tire.  We  may  thus  explain  the 
fact  which  Ehrcnbcrg  relates — not  without  an  expression  of  surprise 
—  namely,  that  at  whatever  period  of  the  night  he  examined  the 
living  Infusoria,  ho  invariably  found  them  moving  as  actively  as 
in  the  duy-time ;  in  short,  to  him  it  seemed  that  these  little  beings 
never  slept.  Nor  did  this  appear  to  be  merely  the  result  of  the 
stimulus  of  the  light  required  to  render  them  and  their  movements 
visible  ;  since  when  they  were  observed  upon  the  sadden  appHcation 
of  light  without  any  other  cause  of  disturbance,  they  were  detected 
coursing  along  at  their  ordinary  speed,  and  not  starting  off  from  m 
quiescent  or  sleeping  state. 

Evidence  of  muscular  action  in  the  Polygastria  is  afforded  by  the 
contraction  and  change  of  form  of  the  entire  body.  These  changes 
are  so  rapid,  extensive  and  various  in  certain  species  that  it  is  impos- 
sible to  refer  their  bodies  to  any  definite  shape :  such  form  the  genus 
Proteus  of  Miiller,  and  the  family  Amcebtea  of  Ehrenberg.  No  defi- 
nite arrangement  of  nervous  matter  has  yet  been  detected  in  the 
Polygastric  Infusoria ;  but  its  presence  is  indicated  by  the  coloured 
eye-speck  in  certain  genera  :  and  nervous  conductors  of  impressions 

are  no  less  requisite  for  reflex 
than  for  voluntary  motions. 

The  eye-speck  (J!g.  11.  c.)^  as 
the  bright  pink  spot  has  been 
interpreted  by  Ehrenberg,  is 
usually  single,  e.  g.  Ambfyophis, 
Euglena,  Chlorogonium  ;  but  is 
doable  in  Distigma :  it  is  absent 
in  the  Astctsue€Bj  which  have 
other  close  relations  to  the  single- 
celled  plants. 

In  many  Polygastric  animal- 
cules, e.  g,  Vorticellc^  Laxodes^ 
there  is  a  permanent  cavity 
(Jig,  18.  a.)  in  the  interior  of  the 
cell-like  body,  which  opens  ex- 
ternally. This  aperture,  which 
may  be  termed  the  mouth,  is  sometimes  sessile,  sometimes  placed  upon 
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ikmg  extensile  neck,  as  in  Lacrymaria;  in  some  monads,  if  Ehren- 
berg  have  rightly  interpreted  its  presence  and  position,  it  is  pro- 
Tided  with  a  long  tentacle  or  a  pair  of  tentacles  {fig.  11.  a.)  ;  it  has  a 
eooipicQous  fringe  of  cilia  in  some  Poljgastria  (Jig.  13.  a.)  ;  in  other 
ipedes  it  is  uneqaivocallj  armed  with  a  curious  dental  apparatus, 
eomistiiig  of  a  series  of  long,  slender  and  sharp  teeth,  arranged  side 
by  tide,  in  the  form  of  a  cylinder,  as  in  Chilodon  and  Nasmla 
(^  14. «,  «). 

Liter  Microscopists  have  failed  to  detect  the  mouth  or  the  canals 

cooTerging  towards  it  from  the  green  globules,  which  canals  £hren- 

beig  has  described  and  figured  in  the  constituent  monad  of  the 

Volffoxglodaioriyig.  11).»  Sieboldf  refers,  indeed,  the  Voivacime  to 

tbe  same  group  of  the  Vegetable  Kingdom  as  the   ClasterituB  and 

Baeillarue ;  and  he  cites  the  nnusually  large  species  of  the  genus 

Opakna  (O.  Ranarum),  parasitic  in  the  intestines  of  the  Frog,  as 

Bflbrding  indubitable  evidence  of  the  absence  of  any  mouth,  and 

^  the  power  of  these  astomatous  Infusoria  to  absorb  fluid  nourish- 

'oent  by  generally  diffused  surface-pores,   as  shown  by  the  bile- 

'^'ned  contents  of  their  body.     In  certain  Astomata,  with  long 

^a  or  filaments,  e.  g.  Actinophrys  Sol,  when  a  prey  is  brought 

^^thin  their  reach  the  filaments  incline  towards  and  bend  over  it, 

"^tercroeeing  each  other  and  pressing  the  prey  to  the  surface  of  the 

•oiiniJcule.    That  part  of  the  surface  yields ;  the  prey,  whether  it  be 

*  ^mailer  animalcule  or  plant-sporule,  sinks  into  the  substance  of  the 

"^^y,  which  closes  over  the  prey  without  leaving  any  trace  of  its  pas- 

*^^:  functionally  such  passage  performs  the  o£Sce  of  a  mouth  ;  just 

^  the  vacuole  in  the  central  plasma,  which  receive  the  nutriment  so 

^^en  in,  perform  the  office  of  stomachs :  but  neither  such  mouths  nor 

^^machs  have  proper  parietes  or  a  permanent  existence^:  and  the  same 

'^^y  be  said  of  any  part  of  the  external  parietes  of  the  animalcule 

^^^i^Qgh  which  insoluble  or  indigestible  parts  of  the  food  are  extruded. 

In  the  higher  forms  of  the  Polygastria  provided  with  a  determinate 

^outh  armed  with  teeth,  the  larger  objects  of  food  are  seized  and 

Minified  by  them:    the  dental   cylinder  first  expands  in  front  to 

^^oeive  the  morsel,  and,  as  this  passes  along,  the  cylinder  contracts  in 

^nt  and  dilates  behind,  so  as  to  push  the  food  into  the  digestive  cavity. 

If  such  larger  animalcules  with  unequivocal  mouths  be  removed  from 

Amative  infusion  to  a  drop  of  clear  water,  and  after  they  have  fasted 

A  few  hours,  a  drop  of  the  solution  of  pure  indigo  or  carmine  be  added, 

Ae  fine  particles  of  these  colours  will  be  greedily  swallowed,  and  will 

*<^  be  seen  to  fill  successively  a  number  of  pyriform  or  spherical 

•  XL,  tab.  IT.  fig.  1.  13.  t  X-  P-  7.  X  XIX.  p.  198,  pi  xrii. 
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cavities  {fig.  13.  ^.)  in  the  interior  of  the  animaL  In  some  8|>ecie8 
these  cayities  have  been  so  shown  to  be  very  namerons;  and  if,  with 
Ehrenberg,  we  call  them  stomachs,  they  afford  a  very  interesting  ex- 
ample, in  these  early  forms  of  animal  life,  of  the  irrelatiye  repetition 
of  this  most  essential  and  characteristic  organ  of  the  animaL 
Ehrenberg  has  described  and  figured  certain  definite  arrangements  of 
these  digestive  cavities,  as  well  as  of  the  alimentary  canal,  to  which 
he  states  that  they  are  appended.  In  the  Monads,  and  many  other 
of  the  more  minute  species  of  the  Polygastria,  he  affirms  the  stomachs 
to  arise  by  separate  tubular  pedicles  from  a  common  mouth,  as  shown 
in^^.  11.,  copied  from  his  great  work.  Such  species  have  no  intes- 
tine, no  anus,  and  are  said  to  be  anenterous.  In  others,  he  believes 
the  so-called  stomachs  to  be  appended  to  an  alimentary  canal  {Pol^ 
gastria  enterodela  £hr.)  :  which  canal  may  be  bent  into  a  loop^  and 
describe  a  circle,  with  the  anus  opening  near  the  mouth,  as  in  Vor* 
ticella  (fig,  12.)  ;  or  it  may  pass  in  a  straight  line  through  the  axis 
of  the  body,  as  in  Enchelis  ;  or  form  several  fiexuous  curves  in  its 
passage  from  the  mouth  to  the  opposite  extremity  of  the  body,  as  in 
Leucophrys  {fig,  13.).  But  sometimes,  as  in  the  Kolpoda,  neither 
the  mouth  nor  anus  is  terminal  in  position. 


VorticelU. 

It  has  been  objected  to  this  interpretation  given  by  Ehrenberg  of 
the  nature  of  the  vacuolse  which  receive  and  assimilate  the  nutrient 
molecules,  that  certain  species,  as  the  Enchelis  pupa,  will  swallow 
another  animacule  nearly  equal  to  itself  in  bulk,  and  thereby  undergo 
a  total  change  in  the  form  of  its  body ;  but  this  may  only  imply  great 
dilatability  of  the  oesophagus  or  common  canal,  such  as  we  observe  in 
the  boa  constrictor^  which  becomes  in  like  manner  deformed  after 
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gfltging  a  goat  or  other  animal  much  thicker  than  the  snake  itself ; 
for  doubtless  the  little  cavities  successively  receive  and  digest,  like 
the  stomach  of  the  boa,  the  dissolved  parts  of  the  swallowed  prey. 
Both  has  been  farther  objected  that  the  cavities  are  not  fixed  in 
ddimte  positions^  but  are  seen  constantly,  though  slowly,  moving, 
nd  apparently  rotating  through  the  general  cavity  of  the  animaL 
This  phenomenon,  first  observed  by  Focke  in  1835*,  led  him  to  dis* 
sent  from  Ehrenberg's  account  of  the  alimentary  canal,  at  least  in  re- 
gard to  the  Laxodes  Bursaria^  in  which  not  only  the  balls  of  coloured 
food,  bat  the  green  corpuscles,  which  are  constant  elements  in  the 
organisation  of  the  animalcule,  are  subject  to  a  regular  circulating 
moYement,  like  the  granules  of  chlorophyll  in  the  leaf-cells  of  the 
VaUtneria  spiralis :  both  food  and  granules  being  carried  along  by 
the  corresponding  motion  of  the  gelatinous  fluid  or  plasma  in  which 
^J  are  suspended. 

Analogous  phenomena  observed  by  Rymer  Jones t>  Meyen  J,  Erdl§, 
ud  Siebold||,  have  accumulated  a  body  of  evidence  against  Ebren- 
^rg's  determinations  which  the  sub-circular  arrangement  of  the 
food-fiUed  spaces  in  Vorticella^  and  their  subspiral  disposition  in 
^'^^icophrySf  are  inadequate  to  repeL  The  only  expressly  organised 
internal  digestive  apparatus  in  the  stomatode  Polygastria  is  a  simple 
wide  and  very  dilatable  cavity  (Jig.  18.  a.),  extending  into  the  middle 
of  the  body  from  the  mouth|;  having  a  ciliated  inner  surface  in  Loxodes^ 
•^  probably  other  species.  The  spaces  in  the  surrounding  soft 
^oe  into  which  the  digesting  parts  of  an  engulphed  prey,  or  the 
P^des  of  carmine  and  indigo,  pass,  are  usually  filled  with  a  clear 
fluid,  and  they  have  no  constant  and  specially  organised  canals  of 
conunonication  with  the  common  digestive  cavity.  In  some  species 
this  cavity  has  a  second  opening  or  anal  outlet  (Nassula  elegans) : 
^^  most  species  the  same  opening  serves  both  as  mouth  and  vent. 

Although  a  vascular  system  with  proper  parietes  has  not  been 
^^tected  in  any  Polygastrian,  all  the  species  which  possess  a  mouth 
wd  digestive  cavity  also  manifest  one  or  more  pulsating  vesicles, 
v^ng  as  to  shape  and  position  in  the  different  species.  During  the 
^wtole  the  vesicle  is  filled  by  a  clear  colourless  fluid ;  in  the  systole 
^^  ^sappears.  The  fluid  is  the  product  of  the  digestive  process,  and 
^swers  to  both  chyle  and  blood  in  the  higher  animals ;  by  the  action 
^  the  pulsatile  cells  it  is  driven  through  the  soft  parench3rme  and  its 
■Agnation  there  is  prevented.  In  the  genera  VorticeUa,  Epistyiis, 
^xodeSf  in  Amoeba  diffiuens^  Paramcecium  Kolpoda^  Stylonychia 

•  XX.  p.  785.  t  XXI.  p.  121.  t  XXn. 

§  XXDL  II   XXIV.  p.  16. 


8fi  LECTUUE   II. 

my/i7wji.  niid  E^pU^rtt  frnteiia,  the  pulsating  sac  is  single  and  sqIh 
rimilnr,  nitd  iiiliiiittM  at  one  side  of  the  bodj.  In  Actimapkrfg^ 
tit4rMittii9  Hnil  TnvhiHiiMtt  there  are  two  pulsating  sacs:  in  Loandtt 
iiHfjutntt  ono  of  thorn  15  situated  in  the  anterior  third,  the  other  in 
I  ho  ini«l«ni*  Ihirtl  part  of  the  body  (Jig*  18.  v^  v.).  In  Arcetta  vmlgark 
I'm  mi  thriHt  to  four  imitating  sacs  have  been  obserred.  In  Aomis 
i-hytthn  lour  nuiiid  hrurCit  foUow  one  another  along  the  dorsal  region 
ol'  I  tip  h«Mlv  ;  in  Tntvht'iiMt  Melragris  there  b  a  row  of  from  eight 
lo  iwolvo  Mitoh  hnirtii,  Tho  contractile  sac  presents  the  form  of  a 
loni9  |tii)Miitlii^  voMol  in  Spinhsiomnm  ambiguum  and  in  OpaHma 
9*hHittit9tHm.  In  INinuMtrriMiM  Aurtlia  canals  extend  from  the 
I'tiiMiliii  «iio  In  I  ho  forni  of  rav:«.  The  Crjfptomonas  ovata  and  OpaHma 
/YffMiMitMMm  lint  (ho  only  5|HH.nos  of  the  Astomatons  Infusoria  in 
nhli'h  lliii  oonU'iiclilo  iiao  Im^  Uvn  observed.* 

Hv  <ho  luiiilo^y  of  tho  gills  of  the  acephalous  Molluska  we  maj 
i«'£iiit|  tho  nioolmniitni  for  renewing  the  surrounding  oxygenised 
iHi>«llMiit  u|t(tii  ttio  n'AjMratorv  surface,  to  be  the  superficial  Tibratile 
I'llU.  tho  Motion  \^^  wliioli  u|Htn  the  water  is  necessarily  attended  in 
I  hit  hiMt  lnl\i«ttvia  with  a  reaction  which  rolls  the  little  animalcule 
Ihmnuh  U<  imtixo  oloinont  ami  prvniuces  the  semblance  of  a  definite 
^mImiHiii  V  hiotoinont. 

Ill  I  ho  aiiUiio  ii|ii'Ui|i<«  at  Koni^lKvner  and  Rodenberg,  Wohlerf  ob- 
Mt«iiroil  Ihni  tho  ^I'lM^n  niantlw  formed  of  innumerable  individuab  of 
/' '« M«^«/tif  «o/fH«».  t  *hl%%m^hm\ma*  pminteuhu  and  Euglena  viridUf 
wMH  ttituhit  hum  tho  «iutWM\  here  and  there,  by  bubbles  of  gas.  He 
i>(illt<t>liHl  thi>  isii«.  Mini  loniul  it  to  be  almost  pure  oxygen.  This  in- 
lhn>«HH|<  itUoiMoi  V  oloMily  tmlioatiHi  a  respiratory  process  like  that  of 
|iImiiIm  I  ho  iitlimlo  ^ivon  (vrpu»^*U's«  (tartly  fixed  in  the  inner  layer 
III  lliii  iMli'i^iiiiioiit,  tmi'tly  oirx'ulating  in  the  contained  fluid  of  the 
TkUm'^MIh.  HMit  lo^Huhnl  hr  KhrenU^rg  as  ova,  correspond  in  their 
hhIhim  II  nil  tho  ohh»iv)»hyU  ivr|Ui5oles  of  Alg^tj  and  most  probably 
|tMli<iiii  rtii  nii»ih^on«  t\inotion«  tlxin^  the  carbon  of  the  atmosphere 
IM  Hill  httho  omhoiiatoA,  ami  evolving  oxygen. 

roiliii|i4  tho  iiio«t  marvoUou»  |>art  of  the  organisation  and  economy 
t«l  llio  riilviiii«hh«  lnt\i«oria  iii  that  which  relates  to  the  function  of 
UOMfiitnnii  •  tho  oiilv  ono  which  diK's  not  necessarily  require  a  special 
fti|iiiii  liii  Itn  |un  lot  iiian«v  a  pro}H>c»ition  which  will  be  quite  intelli- 
^Ihlo  whim  tho  luimmtui  nature  v^f  the  generative  process  is  understood. 

Tho  |init  whh^h  IChnmU^rg  dtvjteribes  as  the  *^ testis"  is  the  usually 
tni'K«*  filih  Hiihorloal  iM)r|uiiK'le  \^Hg*  17.  n.\  situated  at  or  near  the 
inhlilln  of  tho  Inidy  In  tho  IVlygastria.     It  presents  an  extremely 

•   XXIV.  \\tK\  t  VIIL  IM3,  p.  206. 
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fine  granular  appearance,  and  is  much  firmer  than  the  loose  tissue  in 
which  it  is  embedded.     Its  colour  is  commonlj  a  dull  yellow  by 
transmitted  light ;  and  in  the  more  minute  species  it  is  highly  re- 
fractive :  upon  the  whole  it  presents  the  nearest  resemblance  to  the 
matter  of  the  spermatozoa,  which  are  themselves  modifications  of  a 
eell-nucleus;  and  from  the  close  analogy  which  the  so-called  ''testis" 
presents  to  the  ''  nucleus  "  in  both  the  animal  and  vegetable  cell,  it 
has  now  generally  received  the  latter  name.     It  is  commonly  single, 
and  presents  the  spherical  or  oval  form  in  Chlamydomanas  {Jig.  17. 
n ».),  EugUna^  AcHnophrys^  ArcellOy  Amcehoj  Bursaria^  Paranue- 
ehun^  Glaucoma,  Nassula,  ChilodoUy  I^xodes  (Jig.  18.  n.),  &c.  There 
are  usually  two  nuclei,  one  behind  the  other,  in  Amphileptus  Anser, 
Traehehus  Mekagrisy  and  Oxytricha  PellioneUa :  four  nuclei  have 
been  observed  in  Stylonychia  mytUus.     More  numerous  nuclei,  partly 
united,  like  a  row  of  beads,  have  been  seen  in  Stentor  polymorphus, 
Spirostomum  anUnguum,  and   Trachelitis  moniliger.     The  nucleus 
iMomes  the  elongated  form  in  VorticeUa  convallarioy  EpistyUs  leucoa, 
iod  Bunaria  truncateUa^  in  which  it  is  slightly  bent :  in  Euplotes 
PaMa  it  is  horse-shoe  shaped,  and  in  Stentor  RoeseUi  is  spirally 
twisted.* 

The  nucleus  performs  an  essential  part  in,  and  seems  to  govern,  the 
•ct  of  propagation  by  spontaneous  fission,  which  is  the  most  common 
inode  in  the  Folygastria.  In  Tab.  xxxvi.  of  Ebrenberg's  great  work  f, 
%  viL  13.  shows,  in  ChUodon  cucuUuluSy  the  nucleus  divided  in  the 
^ifection  of  the  long  axis  of  the  body :  in  fig.  14.  the  division  of  the 
whole  body  in  the  same  direction  has  commenced:  in  fig.  15.  it  is 
^^^\j  completed.  Figure  16.  shows  the  preliminary  division  of  the 
Qodeos  transversely,  and  the  succeeding  figures  illustrate  the  trans- 
▼ene  fission  which  follows.  In  most  well-fed  Folygastria,  after  the 
prdiminary  division  of  the  nucleus,  which  may  be  obscured  from 
^^  by  the  coloured  contents  of  the  body,  the  first  sign  of  the 
^proaching  fission  is  usually  a  clear  line  which  may  be  discerned 
BtretchlDg  itself  transversely  across  the  middle  of  the  body  and  indi- 
^Dg  a  separation  of  the  contents  into  two  distinct  parts.  The 
containing  integument  next  begins  to  contract  along  this  line,  and 
*^e  creature  to  assume  the  form  of  an  hour-glass  (Jig.  6, 7.  and^.  14.) : 
^  though  an  uncontrollable,  seems  to  be  a  spontaneous  action,  and 
^  struggle  of  each  division  to  separate  itself  from  its  fellow  indicates 
u impulse  in  each  to  assume  its  individual  and  independent  character; 
the  which  they  no  sooner  efiect  than  they  dart  off  in  opposite  direc- 
tions, and  rapidly  acquire  the  normal  size  and  figure.    In  the  Vorti- 
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]7.),  I  see  a  resemblance  to  the  two,  four,  eight,  &c.  groops  of  cells 
in  the  mammiferous  ovum  too  striking  not  to  suggest  that  the 
process  of  formation  must  be  the  same  in  both :  the  essential  part  of 
this  process  consisting  in  the  division  of  the  pellucid  nucleus.***  Ehren- 
berg,  who,  as  we  have  seen,  calls  this  nucleus  of  the  Poljgastria 
the  ''  testicle,"  views  its  division  simplj  in  the  relation  of  the  ne- 
cessity of  each  individual  resulting  from  the  general  fission  having 
such  an  organ  :  meaning  that  each  monad,  developed  bj  spontaneous 
fission,  is  |>crfectcd,  as  regards  its  so-called  testis,  bj  the  spoo- 
taneouH  division  of  the  previous  testis,  and  not  hj  the  formation 
of  a  new  one.  I)ut  this  is  not  the  mode  in  which  the  eje,  or  the 
rin'lo  of  tcrtli,  or  the  pulsating  sac,  is  gained  by  the  second  indivi- 
dual from  the  fission  :  the  division  usually  takes  place  so  as  to  in- 
clude the  original  organ  in  one  or  in  the  other  moiety;  and  that  in 
which  it  may  bo  wanting  gets  the  organ  by  a  special  and  independent 
development  of  it.  The  constancy  of  the  preliminary  fission  of  the 
nucleus  would  lli«n'f<»r«  show  that  it  related  rather  to  the  totality  of 
the  act  itm'lf  than  to  the  partial  completion  of  the  individual  in 
res|KH't  of  it*  iM^ing  provided  with  a  particular  male  organ  of  genera- 
tion. How  then,  we  may  inquire,  does  the  division  of  the  nucleus 
relate  to  the  performance  of  the  general  act  of  spontaneous  fission  ? 
Our  hope  of  any  insight  into  this  mysterious  relationship  would  be 
from  some  light  to  be  derived  by  analogous  phaenomena.  But  with 
what  phenomena  is  the  one  in  qucHtion  analogous?  Obviously  most 
clow^ly  with  those  which  have  been  observed  in  the  successive  fissions 
of  the  impregnated  gorm  cell  of  those  ova,  such  e.g.  as  the  ova  of 
the  Ascaris  (Jif/s.  48-,'i9.),  best  adapted  to  give  a  view  of  the  fission 
analogous  to  those  which  the  perseverance  of  Ehrenberg  enabled  him 
to  trace  in  the  spontaneous  fission  of  the  monad. 

If  this  8|M)iitaneou8  fission  of  the  nucleus  and  germ-cell  preliminary 
to  the  «livision  of  the  germ-yelk  has  not  been  seen  in  the  ova  of  other 
animals,  it  is  becauwj  liitlierto  only  the  coarser  phaenomena  of  such 
division  <.f  the  yelk  in  the  ova  of  Medusa,  Mollusca,  Fishes,  Frogs, 
Ac.  have  h('<»n  noticed.  In  Dr.  Barry's  observations  however  on  the 
devrlopniont  of  the  gonn-nmss  in  the  pellucid  ova  of  the  rabbitf, 
plin>nf>iiicna  were  noted  closely  analogous  to  those  described  by  Sie- 
bold  and  Haj^gt^J  in  the  ovum  of  the  ent070on. 

In  rrllectingon  the  cleovage  pha3noraena  in  the  monad  and  the  ovum 
^  that  a  central  something  is  first  established,  and  the  consequence 
thrrrof  —  I  have  been  led  to  draw  tlie  same  conclusion  with  respect  to 
both,  and  to  n*gard  the  establishment  of  the  special  centre  as  the  cause 
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of  the  conflaence  of  the  parts  around  it,  and  to  call  it  ^'a  centre  of 
sttnctiTe  and  assimilatiye  force.'*  *  Since  the  pellucid  centre  of  the 
germinal  body  has  not  divided  from  the  necessitj  of  endowing  the 
moietj  to  be  separated  by  the  subsequent  fission  with  a  particular 
oigaa  required  for  its  individual  completeness,  I  infer  that  the  same 
preliminary  act  in  the  monad  was  not  solely  for  the  purpose  of  pro- 
Tiding  its  separated  moieties  with  their  respective  testes,  but  that  it 
had  a  higher  significance. 

As  the  pellucid  centre  in  the  ovum  is  the  result  of  impregnation  or 
the  reception  of  the  matter  of  the  spermatozoon,  so  it  may  be  con- 
dnded  that  the  nucleus  of  the  monad  is  of  a  nature  similar  to,  if 
not  identical  with,  that  of  the  spermatozoon.  It  was  doubtless  a 
grofls  view  of  its  nature  and  analogies  to  regard  it  as  the  homologue 
of  the  whole  preparatory  organ  of  the  spermatic  fluid,  such  as  is  re- 
quired in  the  higher  animals ;  because  as  the  germ-cells  exist  in  the 
body  of  the  Polygastria  without  the  organ  called  ovarium,  so  we 
ought  to  expect  that  the  essential  matter  of  the  sperm  would  likewise 
exist  without  a  special  testicular  envelope. 

The  objection,  however,  to  Ehrenberg's  determination  of  the 
nucleus  as  the  **  testis,"  that  it  has  never  been  observed  to  produce 
apermatosoa,  is  akin  to  that  which  has  been  opposed  to  his  determin- 
ation of  the  ova,  viz.  that  the  young  have  never  been  seen  to  quit 
them  and  leave  the  shell  behind.  Neither  of  these  objections  will 
mpply  to  the  view  of  the  nucleus  as  the  essential  matter  of  the 
aperm,  and  of  the  germ-cells  as  the  essential  elements  of  ova  and 
embryo. 

A  spermatozoon  is  doubtless  a  very  general  form  of  the  essential 
matter  of  the  sperm :  but  in  tracing  the  modifications  of  the  sper- 
matozoa from  mammalia  down  the  scale  of  animal  life,  we  find  them 
gradually  reduced  to  the  head  or  nuclear  part,  and  discern  in  the 
yibratile  caudal  appendage  an  accessory  relating  to  the  passage  of  the 
fertilising  principle  to  the  germ-cell,  rather  than  to  its  essential  opera- 
tions when  arrived  there. 

The  best  microscopical  examinations  of  the  spermatozoa  show  that 
they  consist  of  a  homogeneous  or  minutely  granular  substance,  which 
exhibits  a  yellow  amber-like  glitter.  The  nucleus  of  the  Polygas- 
trian  ofiers  the  closest  resemblance  to  this  character  of  tissue.  And 
it  is  not  uninteresting  to  notice  the  close  analogy  of  the  modification 
of  form  which  the  nucleus  of  some  of  the  larger  Polygastria,  Stentor 
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Hoeieiii  e.  g.,  presents  to  the  spirallj  dispofled  elongmted  head  of  the 
Bpcrmatozoon  in  tlie  Torpedo,  Pelobates,  and  the  Passerine  birds. 

Ucsidtis  the  more  frei]uent  and  commonly  obeerved  mode  of  propa- 
gation by  8pontancou8  list^ion,  the  Polygastria  generate  in  the  more 
normal  and  |>crfvct  way.  This,  indeed,  has  been  rarely  seen,  and  has 
been  denied  by  8omc.*  No  doubt  the  term  'ora'  has  been  applied  to 
many  of  the  minute  granules  and  nucleated  ceUs  in  the  sof^  paren- 
chymo  of  the  Polyga^^tria,  without  that  evidence  which  is  requisite 
to  produce  conviction  of  the  accuracy  of  such  determination.  The 
grron -colon red  nucleated  cells,  for  example,  which  circnlate  in 
fsojctninit  like  the  chlomphy  11- particles  in  the  leaf-cells  of  Yalisneria, 
art)  nion<  probably  concerned  in  fixing  carbon  and  eliminating 
oxygon,  liko  thi'ir  answerable  |mrts  in  plants.  But  the  essential 
part  of  the  ovum,  r.  p,  the  giTm-cell,  must  exist  to  set  on  foot  those 
pnMM*sBos  of  dcv<'lopmcnt  which  lead  to  the  formation  of  the  embryo 
in  the  viviparous  ypocics  of  Polygastria.  And  I  may  here  cite  Uie 
rrniark  of  a  ditilinguished  chemist  in  support  of  the  partial  accuracy 
at  Irnnt  of  Kbrenbvrg*!*  ascription  of  ova  to  the  Infusoria*  In  the 
8ini|ilc8t  an i nulls  in  which  the  ova  or  ovarium  can  be  distinguished 
with  certainty,  it  in  the  only  organ  in  which  oil  or  fat  is  accumulated. 
1'lio  yrllowinh  nmf«iH's  whicli  Khrenberg  discovered,  by  the  aid  of  a 
high  magnifying  powvr,  on  each  side  of  the  siliceous  carapace  in  the 
golaiinouH  envelope  of  the  Frfistulia  salina,  when  chemicaUy  tested, 
yii«l(l  abuiulanco  of  fat :  tl  ey  disap|>ear,  e.p.  when  treated  with  SBther, 
and  tlir  latter  tlirn  contains  a  brownish  fat  in  solution.  This  result 
f)f  S('liinidt*fl  niiniitf  analy«i!t  loads  that  accurate  observer  to  regard 
Khrrnbcrg'N  ilrtcrnnnation  of  those  yellowish  masses,  as  ovaria,  to  be 
well  foiitulcrl.f  Tho  formation  of  locomotive  germs  in,  and  their 
rwapn  from,  thc»  interior  of  a  Polygastrian,  appears  to  have  been 
HoiMi  by  Dr.  Arlidgo  |  in  the  TrichoiUna  pediculusy  in  which  he  de- 
scrib(*fi  tlio  plirnoniona  as  a  kind  of  internal  gemmation.  The  best 
description  of  the  vivipan>u8  generation  of  a  Polygastrian  is  that  given 
by  l''o<*ke  §  aiifl  Colin  ||  in  LojnHics  BMrsaria.  In  this  species,  at  the 
latter  end  of  autumn  and  in  winter,  there  may  be  seen  within  the 
body  one  or  more  largi*  globules,  which,  when  from  six  to  eight  in 
number,  present,  by  mutual  pressure,  a  parenchymatous  structure 
(/iff.  19.).  Tl"7  nw  of  ditVerent  sizes,  from  i^'"  to  j^"'  in  dia- 
meter, well-defined,  almost  colourless,  filled  with  fine  granules  and 
one  or  more  hyaline  nuclei  (A);  and  they  are  inclosed  by  two 
contractile  cysts,  defining  the  individual  life  in  each.     These  germs 
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He  free  in  a  clearly  defined  cavity  of  the  body,  whicli  opcDs  by  a 
n«rrc»w  canal  through  a  projecting  portion  of  integumtitit,  upon 
ma  infundibular  orifice  with  a  labiated  border.  Colin  saw  these 
germs  escape  by  this  canal  and  oritiee,  the  canal  expanding,  and 
tins  germ  yielding  to  the  pressure  and  becoming  a  narrower  and 
longer  body  in  iramiiu  {fig,  18,  e).  The  parturition  lasted  twenty 
nuQUted^  giving  ample  time  to  observe  and  dehneate  a  germ  half 
In  aod  half  out  of  the  mother.  As  soon  as  one  end  of  the  germ 
enters  the  surrounding  watex,  it  begins  to  ciliate  and  create  a  cur* 
mic,  which  accelerates  the  birth :  this  completed,  the  young  rests 
AW  bile  beside  the  mother,  then  separates  itself  and  moves  freely 
iKmugh  the  water.  It  is  cylindrical,  thrice  as  long  as  broad,  obtuse 
at  both  ends  :  but  the  embryos  vary  in  size  from  y^T;-'"  to  -^'^j'''  in 
length.  They  are  colourless,  sometimes  present  little  tubercles  at  one 
eo^  have  no  mouth»  are  beset  by  floe  aod  long  cilia,  aod  differ  so 
froio  the  parent  that  their  relationship  could  not  be  recog- 
1  without  observation  of  the  birth.  They  have  accordingly  been 
referrod  to  a  dlstiuct  genus,  viz.  Ci/didium,  by  Ebrenberg.  *  As  soon 

as  one  germ  is  born, 
out  follows  another;  and 
Cohn  thinks  that  when 
only  one  or  two  are 
seen  in  a  Loxodes,  the 
rest  have  already  es- 
caped; and  that  many 
are  developed  as  a  rule. 
The  position  of  the 
outlet  varies ;  and  Cohn 
once  saw  two  embryos 
escaping  by  two  distinct 
apertures,  which  md\- 
cmtet  lliat  the  'vulva*  like  the  *anus'  may  be  casual  and  temporary. 
Tlie  puUatile  vesicles  of  the  parent  arc  not  disturhed  in  their  actions 
doling  the  parturition.  The  rotation  of  the  chlorophyl*cells  is  arrested 
ao  loftg  ad  a  germ  is  inclosed  in  the  body :  but  it  is  resumed,  and  goes 
ofi  more  rapidly,  as  soon  as  the  parent  is  relieved  of  her  burden.  One 
of  the  moieties  of  a  longitudinally  splitting  Loxodes  may  soraetimes 
be  seea  to  contain  germs,  and  these  also  to  be  excluded  even  before 
tl>e  other  moiety  has  become  separated  :  thus  the  two  distinct  gene- 
rative piTocessea  may  go  on  simultaneously. 
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The  Vorticella  microstoma  secretes,  and  surrounds  itself  bj,  a 
smooth  cyst,  in  which  all  its  previous  organisation  is  resolved  into 
a  minutely  granular  fluid,  save  the  pulsatile  sac,  which  ceases  to  beat, 
and  the  elongated  bent  nucleus.  Two  processes  of  development  start 
from  this  partial  dissolution  and  passive  pupal  condition.  In  the  one 
(acinetiform)  process  the  nucleus  contracts  itself  into  a  shorter  and 
thicker  shape  ;  two  pulsatile  sacs  are  developed ;  and  a  new  intega- 
nient  is  formed,  from  which  radiate  groups  of  long  vibratile  filaments. 
The  creature  thus  starts  afresh  into  locomotive  life  as  an  Actuuh 
phrys;  and  then  developes  a  hollow  stem,  and  becomes  the  Acineia 
mystacina  of  Ehrenberg.*  In  this  the  nucleus  expands^  attracts 
and  assimilates  the  surrounding  granular  fluid,  and  becomes  deve- 
loped into  a  pyriform  monad  with  a  circular  band  of  vibratile  cilia :  the 
embryo  escapes  from  the  Acineta^  swims  off,  and  lays  the  foundation 
of  a  new  colony  of  VorticelliB.  In  the  second  (monadiform)  process 
of  development  the  nucleus  of  the  encysted  pupa  elongates  and 
divides  by  spontaneous  fission  into  many  nucleoli :  each  of  these 
exercises  its  attractive,  assimilative,  and  modifying  properties  npon 
the  contiguous  granular  fluid  :  as  many  minute  simple  locomotive 
monads  are  the  result,  which  escape  from  a  rent  in  the  cyst,  and 
swim  abroad,  doubtless  to  undergo  further  changes,  completing  the 
raetogenctic  cycle.  I 

By  virtue  of  these  diversified  modes  of  multiplication,  the  powers 
of  propagation  of  the  most  diminutive  of  organised  creatures  may  be 
truly  said  to  be  immense,  Malthusian  principles,  or  what  are  vulgarly 
so  called,  have  no  place  in  the  economy  of  this  department  of  orga- 
nised nature.  To  the  first  great  law  imposed  on  created  beings, 
''increase  and  multiply,"  none  pay  more  active  obedience  than  the 
Infusorial  animalcules. 

Attempts  have  been  made  to  calculate  approximatively  their  rate  of 
increase. 

On  the  14th  of  November,  Ehrcnberg  divided  a  Paramcpcttim  aureUa^ 
a  polygastric  animalcule  measuring  one  twelfth  of  a  line  in  length,  into 
four  parts  :  which  he  placed  in  four  separate  glasses. 

On  the  17th  of  November,  the  glasses  numbered  1  and  4,  each  con- 
tained an  isolated  Farama^cium,  swimming  actively  about.  The 
pieces  in  numbers  2  and  3  had  disappeared. 

On  the  18th  there  was  no  change. 

On  the  19th  each  animalcule  presented  a  constriction  across  the 
middle  of  the  body. 

On  the  20th  No.  1.  had  propagated  ^ye  individuals  by  transverse 

♦  XI.,  tab.  XX.,  fig.  X.  f  XXV*  pp.  478—485,  XVIII.,  fig.  1—13. 
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spontaneous  division  :  in  No.  4.  eight  individuals  had  in  like  manner 

been  generated. 

On  the  21st  no  change  had  taken  place. 

On  the  22nd  there  were  six  nearly  equal-sized  individuals  in  No.  1., 

and  eighteen  individuals  in  No.  4. 

On  the  23rd9  the  individuals  were  too  numerous  to  be  counted. 
Thus  it  was  demonstrated  that  this  species  of  Poljgastrian  would 

continue  for  six  days  without  any  diminution  of  reproductive  force, 

and  that  on  one  day  a  single  individual  twice  divided,  and  one  of  its 

divisions  effected  a  third  fission. 

A  similar  experiment  on  a  Stylonychia  Mytilus^  an  animalcule  one 

tenth  of  a  line  in  length,  was  attended  with  nearly  the  same  results  ; 

it  was  well  supplied  with  the  green  nutrient  matter,  consisting  of  the 
Manas  pulvisculuSf  and  on  the  fifth  day  the  individuals  generated  by 
successive  divisions  were  too  numerous  to  be  counted. 

The  conditions  of  this  parthenogenetic  mode  of  propagation  appear 
to  be  the  close  conformity  of  the  entire  Polygastrian  to  the  condi- 
tion of  the  nucleated  cell,  the  attractive  and  assimilative  force  of  the 
nucleus,  and  the  large  proportion  of  unchanged  secondary  cells  in  its 
organisation.- 

Cells  predominate  in  the  tissues  of  the  vegetable  kingdom,  the 
lower  members  of  which  consist  exclusively  of  them,  and  have  been 
[        thence  called  '  plants  cellulares :'  the  lowest  of  all  consist  of  a  single 
nucleated  cell. 

The  animal  kingdom  starts  from  the  same  elementary  beginning  : 
ft  celUwall  forms  the  smooth  elastic  and  contractile  integument  of 
the  Gregarina  —  a  genus  of  microscopic  parasites  which  infest  gre- 
S>fiously  the  internal  cavities  and  canals  of  insects  and  worms  —  in 
^hich  a  fluid  with  granules,  and  a  firm  nucleus  with  sometimes  a 
nucleolus,  are  the  sole  representatives  of  organs  or  viscera.  Yet 
the  power  of  the  GregarincB  to  live  and  grow  independently  by  assi- 
"^ting  foreign  nutriment,  the  vital  contractility  of  their  tegu- 
mentary  tunic,  their  chemical  composition  and  their  definite  forms, 
^ilh  such  well-marked  specific  characters,  in  a  few  instances,  as 
tlie  Greg,  brevirostris  and  Greg,  Sieboldii  present,  render  their  in- 
^retation  by  Kolliker  as  a  low  and  primitive  form  of  parasitic 
•Qunal,  the  most  accordant  with  actual  physiological  and  zoological 
Wledge.* 

*be  Gregarina  is  a  single-celled  animal,  which  differs  from  the 
"^le-celled  plant  by  the  vital  contractility  of  its  tissue,  and  the  solu- 
""ity  of  its  cell-wall  in  acetic  acid.     Devoid  of  mouth,  stomach,  or 
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anr  oiluT  op^:in  propcrlj  so  called,  it  reduces  our  definition  of  in 
a:;iuial  to  the  ditfi  iviice  indicated  in  the  preceding  oompariaon. 

l1io  KMziyjXHia  an?  but  little  better  organised,  although  thej  are 
Uxvmotivo,  and  provided  with  long  slender  branched  filamentary  feet, 
a:Ki  hA\e  their  simple  contractile  tissue  protected,  in  most  spedes,  by 
\'\\xn\WD^{  toraminiferous  shells. 

Tiie  ciliated  PofytfastrM  exhibit  the  next  step  in   the  progress 
\'i'  iiuiividualising  a  hii;her  independent  embodiment  of  animal  life. 
A  iirni  cen:ral  luioleus  in  which,  as  in  Grtgarina  and  Amttba,  resides 
t!;o  n;v<torious  prv^perty  of  spontaneous  division,  indicates,  however, 
their  essential  ohAraoter  as  animated  cells,  and  recalls  to  mind  the  bold 
tvcui>'  in  whioh  Oken  long  since  indulged,  when  he  affirmed  thattbe 
hichiT  animjils.  and  even  Man  himself,  were  aggregates  of  Infusoria. 
The  verv  ste{\  however,  which  the  Infusoria  take  beyond  the  primi- 
tivo  a<tomatous  eoll-stairo  of  their  existence,  invests  them  with  a  spe- 
oifio  eV.araoter.  as  independent  and  distinct  in  its  nature  as  that  of  the 
highest  and  nuv<t  o\nnplieatod  organisms.      No  mere  organic  cell 
dostimsl  lor  uheriv^r  changes  in  a  living  body,  has  a  mouth  armed 
w:th  tiv;V..  canities  tor  digestion,  pulsatile  cells  for  circulating  a  clear 
pVi>:iia:;x'  t^ai^l.  an  irritable  and  contractile  integument  beset  with 
xihratilo  eiHa,  or  pr^^longiHl  into  tentacnia. 

And  now  v\Mi  niav  Iv  disix^sed  to  ask:  To  what  end  is  this  discourse 
on  the  anatomy  of  Iving*  too  minute  for  ordinary  vision,  and  of 
whoso  xory  exisien^v  we  should  l>e  ignorant  unless  it  were  revealed 
to  ««  bv  a  ^v^we^^ul  miori^Sivpe  ?      Wliat  part  in  nature  can  sucl^ 
;)p)Mivut1v  insignificant  animalcules  play,  that  can  in  any  way  interest 
u«  in  their  organisation,  or  n^pjiy  us  for  the  poins  of  acquiring  a  know-* 
ledp'  of  it :      1  shall  e n ilea v our  briefly  to  answer  these  questions. 
The  polxgrtsiric  Intus^^ria.  notwithstanding  their  extreme  minuteness, 
t:tKe  a  great  share  in  im)vrtant  otliees  of  the  economy  of  nature,  on 
\x  hieh  our  own  welUln^ing  more  or  less  immediately  depends. 

i'onsiiler  their  incn\iiMe  numlH?rs,  their  universal  distribution, 
their  insatiable  vonicity  ;  and  that  it  is  the  particles  of  decaying 
>eget:ible  and  animal  Inxlies  which  they  are  appointed  to  devour  and 
nsftimilato. 

Snrt^ly  we  nuist  in  siMue  degree  bo  indebted  to  these  ever  active 
ffonvengers^  for  the  salubrity  of  our  atmosphere.  Nor  is  this  all: 
they  perform  a  still  more  im|H>rtAnt  office,  in  preventing  the  pro- 
gressive diminution  of  the  pri'sent  omount  of  organised  matter  upon 
the  earth.  For  when  this  matter  is  dissolved  or  suspended  in  water, 
in  that  state  of  comminution  and  decay  which  immediately  precedes 
its  final  decomposition  into  the  elementary  gases,  and  its  consequent 
return  from    the  organic  to  the  inorganic  world,   these  wakeful 
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members  of  nature's  invisible  police  are  every  where  readj  to  arrest 
the  fugitive  organised  particles,  and  turn  them  back  into  the  ascending 
stream  of  animal  life.  Having  converted  the  dead  and  decomposing 
purticles  into  their  own  living  tissues,  thej  themselves  become  the 
food  of  larger  Infusoria,  as  e.  g.  the  Rotifera,  and  of  numerous  other 
small  animals^  which,  in  their  turn  are  devoured  by  larger  animals,  as 
e*g.  fishes ;  and  thus  a  pabulum,  fit  for  the  nourishment  of  the  highest 
organised  beings,  is  brought  back  by  a  short  route,  from  the  extremity 
of  the  realms  of  organic  nature. 

There  is  no  primordial  and  self-subsistent  organic  matter,  as  Bufibn 
taught:  the  inorganic  elements  into  which  the  particles  of  organic 
matter  pass  by  their  final  decomposition  are  organically  recomposed, 
*od  fitted  for  the  sustenance  of  animals,  through  the  operations  of 
the  vegetable  kingdom.     No  animal  can  subsist  on  inorganic  matter. 
The  vegetable  kingdom  thus  stands,  as  it  were,  in  the  breach  between 
animal  matter  and  its  ultimate  destruction ;  but  in  this  great  office 
phots  must  derive  most  important  assistance  from  the  polygastric 
lofofloria.     These  invisible  animalcules  may  be  compared,  in  the 
great  organic  world,  to  the  minute  capillaries  in  the  microcosm  of  the 
toimal  body,  receiving  organic  matter  in  its  state  of  minutest  sub- 
division and  when  in  full  career  to  escape  from  the  organic  system, 
and  returning  it  by  new  channels  towards  the  central  and  highest 
point  of  that  system.    Like  true  beneficence,  they  work  their  good 
onobtrusively  and  unseen. 

But  besides  the  important  functions  which  the  Polygastria  per- 
form in  relation  to  the  conservation  of  organic  matter  and  of  the 
purity  of  the  atmosphere,  they  likewise  take  their  share  in  modi- 
fying the  crust  of  the  earth.  It  has  been  shown  that  some  Poly- 
gastria are  naked,  others  loricated  or  defended  by  silicious  shells,  of 
definite  and  easily  recognisable  forms  and  patterns  in  difierent 
species.  Professor  Ehrenberg  had  not  long  made  these  observations 
before  ha  discovered  that  a  certain  kind  of  silicious  stone,  called 
Tripoli  or  Polierschiefer,  was  entirely  composed  of  such  cases-— 
was,  in  fact,  the  debris  of  Polygastric  animalcules,  chiefly  of  an 
extinct  species,  called  Gaillonella  distans.  The  substance  alluded 
to  has  long  been  known  in  the  arts,  being  used  in  the  form  of 
powder  for  polishing  stones  and  metals.  At  Bilin,  in  Bohemia,  there 
is  a  single  stratum  of  this  substance,  not  less  than  fourteen  feet  thick, 
forming  the  upper  layer  of  a  Tripoli  hill,  in  every  cubic  inch  of  which 
layer  Ehrenberg  estimates  that  there  are  forty-one  thousand  millions 
of  individuals  of  the  Gaillonella  distans.  It  likewise  contains  the 
shells  of  NavicukBy  Bacillariay  Actinocyclus^  and  other  silicious  ani- 
malcules.    The  lower  part  of  the  stratum  consists  of  the  skeletons  of 
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theMi  animalcules,  united  together  without  anj  TuiUe  cement ;  in  tlie 
upper  and  mon.*  compact  maues  the  infiuorj  shells  are  cemented 
tf'^cther,  and  filled  by  amorphoos  silicions  matter,  formed  out  of  dis- 
H<ilv4-d  ca«ed.  Com-dponding  depoaiu  of  the  silicioas  cases  of  these 
aniiiial<;ulp4  have  Aincebetrn  digcoTered  in  many  other  puts  of  the  world, 
Hoin*'  including  frejh  water  species,  others  marine  species  of  Infusoria. 
At  K^fra,  in  ](<>li«'mia,  there  is  a  stratum  of  two  miles  lengtlu  ind 
nveniging  tw«>nty-eight  feet  in  thickness,  of  which  the  uppermost  ten 
f«M.'t  nn:  com]M»H4'il  wholly  of  Int'usoria,  including  the  beautiful  shdb 
of  CampyliMlhcuit:  the  remaining  eighteen  feet  consist  of  the  silicioas 
rnH(*H  of  Iiifiis4iria  mixeil  with  a  substance  like  pollen.  The  town  of 
Hirliiiinnd,  in  Vir;riiiia,  1:9  built  on  barren  silicious  strata,  twenty  feet 
in  tliirknc!«:4,  com|>o:9cd  chiefly  of  Infusorial  shells,  including  the  weD* 
ninrk«*d  Avthif>rycius  and  CosciHodiseus.  A  quantitj  of  a  pulTerulent 
matter  is  dciM)Aitud  upon  the  shores  of  the  lake  near  Uranea  is 
Swf<]i*ii,  and  which,  fnnn  its  extreme  fineness,  resembles  flour.  Thii 
htiH  Iniit;  iM'cn  known  to  the  ]K>orer  inhabitants  under  the  name  of 
iitnf  mvhiy  or  niountain  meal,  and  is  used  by  them  mixed  up  with 
fiftur  ax  an  articlo  of  ftxnl :  it  consists  almost  entirely  of  the  silicioai 
wIh'IIh  of  pulvirii*e<l  Polyyastria,  and  of  closely  allied  single-celled 
lonmiotivi'  plants. 

ISfuHt  (if  till*  Infusorial  formations,  as  the  polishing  slates  of  CasaeV 
Planit/,  anil  Hilin,  arc,  in  fact,  extraordinary  monuments^  which  havO 
haniliMl  down  to  us  tlio  record  of  the  existence  of  polygastric  Infu^ 
Moria  at  remote  pcritMls  (»f  tlic  history  of  this  planet.     Their  minut^ 
hIzc,  i«lrnii»ntary  strnctnns  tenacity  of  life,  and  marvellous  powers  o^ 
rrpriMlurtinii.  have  enabled  them  to  survive,  as  species,  those  destroying 
can><'s  wliich  liaxe  extorniinated  all  the  contemporaneous  higher  form^ 
of  animal.''.     St'veral  species,  for  example,  still  exist,  which  were  in 
hfin;:  at  the  perio<l  of  the  deposition  of  the  chalk,  and  which  contri- 
Initeil  their  hilicious  remains  to  the  flinty  masses  that  are  always 
more  or  less  intermixed  with  cretaceous  matter.     Existing  species  of 
PolyjiaHiria  have  even  In'cn  detected  as  low  down  as  the  Oolite.     Be- 
fon>  this  fliHcovery  no  nMnains  of  higher  organised  animals  at  present 
in  existence   had    been  detected,  with  the  same  degree  of  certainty, 
even  in  tho  cretaceous  fornnition.      A  few  existing  zoophytes  and 
tentacea  first  inak(*  their  ap]KMirancc  in  the  tertiary  beds  immediately 
above  the.  chalk  ;  hence  called   Er)ccne,  from  toe,  the  dawn,  as  indi- 
cating the  flrst  dawn  of  the  creation  of  existing  species.     The  num- 
ber of  existing  species  of  shells  increases  in  the  *  Miocene,'  and  is  still 
greater  in  the  *  Pliocene '  tertiary  strata ;  but  the  higher  animals,  as 
the  Anoplothcria,  Paltrotheria,  MastodonSy   Mammoths,  and  other 
mammalian  contemporaries  of  the  Iu>cene,  Miocene,  or  Pliocene  tes- 
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tacea,  have  utterlj  perished.  The  discovery,  therefore,  by  Ehrenberg, 
of  sereral,  at  least  twenty,  species,  of  silicious-shelled  Infusoria,  fossil, 
in  the  chalk  and  chalk  marls,  which  are  perfectly  identical  with  those 
now  living  in  the  sands  of  the  Baltic  and  North  Sea,  is  a  most  interest- 
ing addition  to  the  obscure  history  of  the  introduction  of  the  successive 
species  of  animals  on  this  planet,  and  must  add  greatly  to  the  interest 
of  the  Infusorial  class  in  the  eyes  of  the  naturalist  and  geologist. 
"For  these  animalcules,"  says  Ehrenberg,  "constitute  a  chain,  which, 
thoogh  in  the  individual  it  be  microscopic,  yet  in  the  mass  is  a 
mighty  one,  connecting  the  organic  life  of  distant  ages  of  the  earth, 
and  proving  that  the  dawn  of  the  organic  nature  co-existent  with  us 
Inches  further  back  in  the  history  of  the  earth  than  had  hitherto 
keen  suspected,** 

The  still  existing  species  are  by  no  means  rare  or  isolated,  but  fill 
^  incalculable  numbers  the  seas  of  Northern  Europe,  and  are  not 
banting  on  the  tropical  coasts  of  the  globe*     With  reference  to  the 
'Operations  of  the  invisible  Polygastria  at  the  present  day  on  these 
*nd  other  coasts,  I  have  only  time  to  refer  you  to  a  paper  by  the 
'odefatigable  Berlin  Professor,  entitled  "  Observations  upon  the  im- 
portant Part  which  Microscopic  Organisms  play  in  the  choking  up 
^^  t^e  Harbours  of  Wismar  and  Pillau ;  also,  in  the  Formation  of  the 
*^ud  which  is  deposited  in  the  Bed  of  the  Elbe,  at  Cuxhaven,  and 
^pon  the  agency  of  similar  Phenomena  in  the  Formation  of  the  Bed 
^^   the  Nile,  at  Dongolar  in  Nubia  and  in  the  Delta  of  Egypt." 
'  Truly,  indeed,"  says  Ehrenberg,  "  the  microscopic  organisms  are 
^eiry  inferior  in  individual  energy  to  lions  and  elephants,  but  in  their 
^^'^ited  influences  they  are  far  more  important  than  all  these  animals."* 
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,  '^  animal  kingdom  may  be  likened  to  a  cone,  the  species  of  which 
'^  is  constituted  diminishing  in  number  as  they  ascend  in  the  scale  of 
^^niplexity.     Rising  from  different  parts  of  the  basal  circumference, 

**^  different  groups  reciprocally  approximate,  interweaving  their 
^^tual  affinities  within  a  progressively  closer  reticulation,  until  they 

"'ially  culminate  in  the  apex,  which  is  crowned  by  Man. 

♦  XXXn.  p.  386. 
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The  interest  with  which  you  listened  to  tlie  anatomical  details  of 
tlufte  minute  creatures,  which,  bj  their  low  grade  of  stmctmey  thev 
extensive  distribution  and  incalculable  mjriadSy  form  the  bate  of  the 
animal  pyramid,  encourages  me  again  to  invite  jon  to  oondeaoend 
from  the  high  sphere  of  your  habitual  studies  and  duties  to  this  most 
remote  and  lowly  region  of  animal  life. 

Ijow  though  the  Infusoria  be,  and  remote  from  man  in  the  scale  of 
organisation — literally  at  an  invisible  distance  from  na — yet,  hj 
the  aid  of  the  optician's  science  and  skill,  analogies  may  be  diaeerned 
in  them  to  the  human  structure,  which  ought  to  enlist  yoor  spoftir 
thics  with  the  discoveries  that  have  been  nuuie  in  their  Microscopicil 
Anatomy. 

Time  was,  and  not  many  years  ago,  in  this  country,  when  that 
term,  Microscopical  Anatomy,  was  almost  regarded  as  aynonymoot 
with  the  anatomy  of  the  imagination :  but  the  numerous  and  highly 
important  discoveries  which  have  been  made  and  confirmed  by 
observers  in  almost  every  European  state,  by  means  of  the  greatly 
improved  microscopes  at  their  command,  have  placed  the  Talne^  the 
indispensability,  of  that  instrument  to  the  anatomist,  beyond  the 
necessity  of  vindication. 

Some  scepticism  may  be  natural  and  pardonable,  when  the  anatomy 
of  an  animalcule  T0V<r  of  a  line  in  diameter  is  attempted  to  be 
demonstrated :  but  trace  it  to  its  source,  and  you  will  find  auch 
incredulity  to  be  essentially  based,  not  merely  on  distrust  in  our 
means  of  observation,  but  in  the  difficulty  of  adequately  conceiving 
the  relations  of  size.  Just  ideas  of  these  relations  are  essential  to  the 
acceptance  and  full  appreciation  of  the  discoveries  which  have  extended 
for  us  the  bounds  of  space ;  and  I  will  ask  permission  to  quote  the 
words  of  one  of  our  old  philosophers,  which  bear  directly  on  this 
subject,  and,  expressing  a  noble  confidence  in  intellectual  progress, 
shed  a  prophetic  gleam  upon  the  present  improved  powers  of  pene-  - 
trating  space. 

"In  consistency,  I  suppose  some  bodies  to  be  harder,  others  softer, 
through  all  the  several  degrees  of  tenacity.  In  magnitude,  some  to 
be  greater,  others  less,  and  many  unspeakably  little.  For  we  must 
remember  that,  by  the  understanding,  quantity  is  divisible  into 
divisibles  perpetually.  And,  therefore,  if  a  man  could  do  as  much 
with  his  hands  as  he  can  with  his  understanding,  he  would  be  able  to 
take  from  any  given  magnitude  a  part  which  should  be  less  than  any 
other  magnitude  given.  But  the  omnipotent  Creator  of  the  world  can 
actually  from  a  part  of  any  thing  take  another  part,  as  far  as  we  by 
our  understanding  can  conceive  the  same  to  be  divisible.  Wherefore 
there  is  no  impossible  smallness  of  bodies.     And  what  hinders  but 
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that  we  may  think  this  likely  ?  For  we  know  there  are  some  living 
creatures  so  small  that  we  can  scarce  see  their  whole  bodies.  Yet 
even  these  have  their  young  ones ;  their  little  veins  and  other  vessels, 
and  their  eyes  so  small  as  that  no  microscope  can  make  them  visible. 
So  that  we  cannot  suppose  any  magnitude  so  little,  but  that  our  very 
supposition  is  actually  exceeded  by  nature. 

^Bendes,  there  are  now"  (the  book  was  published  in  1655)  "such 
microecopes  commonly  made,  that  the  things  we  see  with  them  appear 
a  thousand  times  bigger  than  they  would  do  if  we  looked  upon  them 
with  our  bare  eyes.    Nor  is  there  any  doubt  but  that,  by  augmenting 
the  power  of  these  microscopes  (for  it  may  be  augmented  as  long  as 
neither  matter  nor  the  hands  of  workmen  are  wanting),  every  one  of 
ihoee  thousandth  parts  might  yet  appear  a  thousand  times  greater 
than  they  did  before.     Neither  is  the  smallness  of  some  bodies  to  be 
more  admired  than  the  vast  greatness  of  others.     For  it  belongs  to 
the  same  Infinite  Power  as  well  to  augment  infinitely  as  infinitely  to 
diminish.      To    make  the  great  orb,   namely,   that  whose  radius 
leacheth  to  the  sun,  but  as  a  point  in  respect  of  the  distance  between 
the  son  and  the  fixed  stars  ;  and,  on  the  contrary,  to  make  a  body  so 
little,  as  to  be  in  the  same  proportion  less  than  any  other  visible  body, 
proceed  equally  from  one  and  the  same  Author  of  Nature.     But  this 
of  the  immense  distance  of  the  fixed  stars,  which  for  a  long  time  was 
ftccoanted  an  incredible  thing,  is  now  believed  by  almost  all  the 
learned.    Why  then  should  not  that  other,  of  the  smallness  of  some 
Wies,  become  credible  at  some  time  or  other  ?     For  the  majesty  of 
Ood  appears  no  less  in  small  things  than  in  great ;  and  as  it  exceedeth 
human  sense  in  the  immense  greatness  of  the  universe,  so  also  it  doth 
i&  the  smallness  of  the  parts  thereof.     Nor  are  the  first  elements  of 
compositions,   nor  the  first   beginnings    of   actions,   nor  the  first 
moments  of  time  more  credible,  than  that  which  is  now  believed  of 
the  vast  distance  of  the  fixed  stars."* 

Ihave  said,  that  in  the  diminutive  Polygastria,  there  might  be 
^i^med  structures  analogous  to  our  own.  Vibratile  cilia  —  their 
sole  organs  of  locomotion  —  are  the  first  actively  moving  parts  with 
^Mch  the  mammiferous  ovum  is  endowed,  with  which,  therefore,  we 

*  JCxxiii.  vol  L  p.  445.    A  similar  idea  had  occnrred  to  a  much  older  philo- 

**  Tertia  para  oulla  ut  possit  ratione  Tideri. 
Horum  intestinum  quodvis  quale  esse  putandum  *8t  ? 
Quid  cordis  globus  aut  oculi  ?  quid  membra  ?  quid  artcs  ? 
Quantula  sunt  ?  quid  prsetcrea  primordia  quseque, 
Undo  anima,  atque  animi  constet  natura,  necessum  est  ?  " 

Lucret,  lib.  ir. 


42  UCCIUU.  IC. 

»^\i»  \*t  i:'.«iiiiip-ii''*  hit.  Tiif*T  an  retaintfu  tliraiipkoin  lift  tt  n 
«oM.u'.*.  ^iu>".  ^i'  Lii*  iirt;uiii;aiiiui.  of  u  xery  cxteniiTt  tnc:  of  oar  o 
ui'....  iv.i<.vut  UlHlllllrulltf^  :  aiiL  tiitMt  mo«  minnte  and  incaicnkU 
^«u.«-Jvut  \.wu\.i\i^  l.mui«:ui».  likt  titeir  liamoiugnier  in  tiit  Pdr 
;^;.f^j.^.  J  •«'.•«  li.  .' >-;i-.iif» .  1:  miff  III  uimas:  iinvt^  t»«exi  anticipned  tk 
li.  ?  '.^.j. .'.<*!  j^ .!»»>'«««-.■:..  liiiL  mufii  caneush'eh-  difiuflecL  arpanicaHdyiam 
II.  :\Ki)F  jLu<L\Li '/»-.'  '.•'  lut  luiimul  kixipdom.  buouIcI  bi-  titfc  most  eoB^ 
i.  4v«r.  jf  i^vi  lirft  ci'^* .  ui^y  iii£  (luver  iii  tiK  iirdHbarii  of  FaunL 

i«  tj.Us  ..urjt.v.i:  ii  .-u.  '.tilt  xiarruw  bihit  is  Bpact:.  aud  enabifid 
jji«/.i.  V,  ti.'i  Jj'^  V!-  'lit  n:rla«:t  of  hit'  liili*'  world,  bv  vimit  ufi 
iiii'.ii.ul  JM  i  lA^:,*:  *A  Lv:rlu«tizji  r  S(a.  likewiacu  if  tlit-  Infiuoriil  n 
iii;«l<  ••!« .  Kvi-ft  s*jth:  *.i  tJLti:  ^u;•»:niadtfd  crcmiiilicaxiuDf  of  the  di^esB" 
eu'  an.  |/ii.e*:i.t ;  iL*-.  I'vi  v^Miriiiii  Btusef  luud  wizL  preliezisiie  cccn 
ji.«l<ii«.n  11  l/>  il<i:  ;»':ti«/ri  </!  k  h'jrjTt  uf  dtaxtal  fiiiintift.  arranged,  is  i 
l.a.i.  e4:i:ii.  likt:  thi:  t«:4'th  '^f  tli^  circulBT  trqiliimr :  it  if  lite  TerriT] 
i/t  I  til.  ili^i:eiivi:  tufiftiori :  akfr^iniilatinp  aud  n-Kv^aniaing  tbe  deeoi 
Iji.eiii^  |i.iiui.li.9  ij|'  uiiiriiu]  &ri4  Tt-g^rtable  znatter  wiiL  a  bnDdre 
Ahijiiu*  ii  i<i«Mi:i-.  '1  hut  I'iw  ijirli^lit,  tli^  blisfr  RLpirenie  of  tb^  ciTilis 
^•<iiuii.ii«ii,  ia  (fi\i'ii  iiii/:*t  litierully  wLere  ix  wi^hi  to  Ik:.  to  tlie  ae 
tun. 4  ill  lilt:  luMi-dl  (fi'u'li;  of  uiiifiialitv. 

Niii  la  lilt:  iiiiirn  itti\i'.  fuiiction  k»  abundaaxlv  or  so  Tiinc*adjc3 
|ii>i:i|  li)  iiiiy  liilii'.r  uiiiiiml  U'>  in  tli«  Polv<ra?xria :  tLej  m^  fi>r.pi 
iiiii;  (it  iiiiiii|iui-i>ii2i,  o\  i|iui-ouF!,  aiHl  viviparous.  In  creAtcre^  wbc 
iiiii.:i  liiiviitiia  uiiil  ciiiiuiioii  mode  of  proffagation  is  br  fponiAneo 
li.i.'.iiiii.  i4  jmvvcr  oil  ui-iivily  i;xeriri^«l,  as,  according  lo  Ehrtnber 
I  A|ii  iiiiii:iiiB,  III  III'.  iiniiliK'iivi!  of  un  incalculably  rapid  rate  of  m 
ii|ilii.alitia,  ii  umy  br.  «|iiiiiiiMletl :  To  what  end  were  special  oxp 
111  ^i.ui.iaiiiiii  tli.vrlti|M-i|  't  Vet  thu  usMential  elements  of  tbese  exis 
hi  llir.  i.unitliM  Hiiil  iuitinrlla,  mid  luid  the  foundation  of  tbe  cilia 
I  iiiiii  pia  uhit-.h  ihiinD  h|iccir.ii  brouf^ht  forth.  If  Ehrenberg  be  c 
111!  Ill  hi.i  a.*)i  ii|iiltiii  ut'  (i\u  to  uny  of  the  Polygastria,  it  is  reasona 
III  .>it|i|iii.ii-.  I  hut  Ihf.  liftai|»ui-oii8  rcprmluction  has  reference  priacipi 
III  III!  It  uaiii^.  thti  iiiiiiibi'.i'ii  of  iiidi\i(luul4  in  the  infusions,  or  rec 
I  111  h  .1  III  ill  i-ayt  il  iiiKiiiiirtiiirt,  ill  whirb  th(>y  nt  that  time  exist ;  wh 
I  III.  ilivi  li'|iiii«'itl  of  fi-.rtih^  ovii,  likii  the  germs  in  the  multipar 
|iii|iii.  Ill  loiltitllu,  which  hiii>^  ivtiiin  their  hitcnt  life  in  the' 
I  ).ihil  uhiin,  hii\c.  ii'hilltiii  to  futuiv  and  ditloreiit  localities  or  coll 
lliiM.1  III  Biirh  ihlu^iidhrt,  into  which  the  ova  or  germs  nmj 
iiiiivnyiiil  iiiiiiit  iwinily  than  tho  ciitiro  animals,  and  so  lay 
joiiiiihiliiiii  ol  loiw  KiHirnitioii.'i  of  Infusoria.  In  the  heats  of  su 
iiinr,  r«ir  otniiiipht,  iiiuiiy  uf  tho  pools  and  stagnant  collecti< 
of  wiit«<r  ill  whirli  liifiimiria  iibomid  i\n>  dried  up.  Now,  it  is  tr 
I  hill   crrliiin   lnlup««it-iii  hiivo  the   power  uf  retaining   their  vital 
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oanelTes  commence  litVs.  Thej  are  retained  throoglioiit  life  as  nM^ 
essential  part  of  the  organisation  of  a  verj  extensire  tract  of  our  ia"* 
temal  mucous  membranes ;  and  these  most  minote  and  incalcnlabl^ 
numerous  vibrating  filaments,  like  their  homologiies  in  the  Pdlj^ 
gastria*  know  no  repose.  It  might  almost  have  been  anticipated  tha^ 
this  earliest  possessed,  and  most  extensiyelj  diffoaed,  organical  dynamic 
in  every  member  of  the  animal  kingdom,  shoold  be  the  most  cons^^ 
cuouit,  if  nut  the  sole,  moving  power  in  the  first-bom  of  Faona. 

Is  man  liberated  from  one  narrow  spot  in  space,  and  enabled  U^ 
move  to  and  fro  on  the  surface  of  his  little  world,  bj  Tirtae  of  an. 
internal  receptacle  of  nutriment  ?  So^  likewise^  is  the  Infasorial  ani- 
malcule. Even  some  of  the  superadded  complications  of  the  digestive 
sac  are  present ;  the  Polygastrian  seises  food  with  prehensile  organs^ 
nxluces  it  by  the  action  of  a  score  of  dental  spines^  arranged,  as  mm 
have  seen,  like  tlie  teeth  of  the  circular  trephine :  it  is  the  yerjr  tjps 
of  the  digOKtive  function :  assimilating  and  re-organising  the  deeom-- 
fNising  particles  of  animal  and  vegetable  matter  with  a  hnndred— 
stomach  |H>wer.  That  low  delight,  the  bliss  snpreme  of  the  dviliseA. 
gourmnud.  is  given  most  liberallj  where  it  ought  to  be,  to  the  crea- 
tures at  tlio  lowest  grade  of  animalitj. 

Nor  is  the  procreative  function  so  abundantly  or  so  variously  en-* 
joye<l  by  any  otiier  animal  as  in  the  Polygastria :  they  are  fissipar— 
oun,  genimi parous,  oviparous,  and  viviparous.    In  creatures  whoa^ 
most  obvious  and  common  mode  of  propagation  is  by  spontaneoui» 
fission,  a  |>ower  so  actively  exercised,  as,  according  to  Ehrenberg^^ 
cx|>f*riments,  to  bo  productive  of  an  incalculably  rapid  rate  of  mul- 
tiplication, it  may  bo  demanded :   To  what  end  were  special  organs 
of  generation  developed  ?    Yet  the  essential  elements  of  these  existed 
in  tlio  IjfKTmies  and  I'oriictiiay  and  laid  the  foundation  of  the  ciliated 
cmbrjos  which  those  species  brought  forth.     If  Ehrenberg  be  cor- 
rect in  his  ascription  of  ova  to  any  of  the  Polygastria,  it  is  reasonable 
to  suppose  that  the  fissiparous  reproduction  has  reference  principally 
to  increasing  the  numbers  of  individuals  in  the  infusions,  or  recep- 
tacles of  decayed  organisms,  in  which  they  at  that  time  exist ;  whilst 
the  development  of  fertile  ova,  like  the  germs  in  the  multiparous 
pupsR  of  Vorticelloy  which  long  retain  their  latent  life  in  the  en- 
cysted state,  have  relation  to  future  and  different  locah'ties  or  collec- 
tions  of  such   infusions,    into   which    the  ova  or  germs    may  bo 
conveyed    more    easily   than   the   entire   animals,   and   so   lay  the 
foundation  of  new  generations  of  Infusoria.     In  the  heats  of  sum- 
mer,  for  example,   many  of   the    pools    and    stagnant  collections 
of  water  in  which  Infusoria  aboand  are  dried  up.     Now,  it  is  true, 
that  certain  Infusoria  have  the   power  of  retaining   their  vitality 
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for  a  long  time  in  a  state  of  desiccated  torpidity.  I  shall  presently 
have  to  allude  to  the  experiments  of  Spalanzani  and  others  on  the 
wheel-animalcules,  in  illustration  of  this  curious  property.  Some 
who  hare  repeated  his  experiments  have  not  succeeded  in  reviving 
tite  aabjects  af^r  so  long  a  period  of  inanimation  as  four  years  * ; 
nerertheless,  great  tenacity  of  life  is  unquestionahly,  notwithstanding 
the  delicate  tissues  of  the  Infusoria,  a  property  of  creatures  of  their 
grade  of  organisation ;  and  what  holds  good  of  the  parent,  in  regard  to 
this  property  of  latent  life,  must,  ik  fortiori,  be  allowed  to  the  ovum 
and  encjBted  pupa. 

The  supposed  act  of  oviparous  generation,  that  of  sending  forth 
eonntleas  germs  through  the  fatal  laceration  or  dissolution  of  the 
parent's  body,  is  most  commonly  observed  in  the  well-fed  Polygastria, 
which  crowd  together  as  their  little  ocean  evaporates;  and  thus 
^h  leaves,  by  the  last  act  of  its  life,  the  means  of  perpetuating 
^  diffuBing  its  species  by  thousands.  When  the  once  thickly  ten- 
•ttted  pool  is  dried  up,  and  its  bottom  converted  into  a  layer  of  dust, 
*^  Inconceivably  minute  and  light  germs  will  be  raised  with  the 
dost  by  the  first  puff  of  wind,  diffused  through  the  atmosphere,  and 
inaj  there  remain  long  suspended ;  forming,  perhaps,  their  share  of 
^6  particles  which  we  see  flickering  in  the  sunbeam,  ready  to  fall 
into  any  collection  of  water,  beaten  down  by  every  summer  shower 
>nio  the  streams  or  pools  which  receive  or  may  be  formed  by  such 
showers,  and,  by  virtue  of  their  tenacity  of  life,  ready  to  develope 
themselves  wherever  they  may  find  the  requisite  conditions  for  their 
«3d8tence. 

The  possibility  that  such  is  the  design  of  the  alleged  oviparous 
•^d  of  the  observed  encysted  multiparous  generation  of  the  Infu- 
^1*18,  and  such  the  common  mode  of  the  diffusion  of  their  germs, 
'Anders  the  hypothesis  of  spontaneous  generation,  which  has  been 
^  frequently  invoked  to  explain  their  origin  in  new  formed  natural 
^  artificial  infusions,  quite  gratuitous.  If  generative  organs  might, 
^^  first  sight,  seem  superfluous  in  creatures  propagating  their 
^ind  by  gemmation  and  spontaneous  fission,  equivocal  generation 
J8  sorely  still  less  required  to  explain  the  origin  of  beings  so 
richly  provided  with  the  ordinary  and  recognised  modes  of  multipli- 
cation. Many  experiments  have,  however,  been  detailed,  in  which 
adequate  precautions  appeared  to  have  been  taken  to  prevent  the 
possibility  of  the  entry  of  fertile  gerras  into  the  fluid  experimented 
on,  after  means  had  been  taken  to  destroy  all  that  it  might  contain. 
From  these  experiments,  the  mere  access  of  atmospheric  air,  light, 

♦  CXXXV.  Tolii.  p.  127. 
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and  heat  to  the  infusions  has  been  deemed  to  include  all  the  condi- 
tions required  for  the  primary  formation  of  the  lower  animal  or  of 
vegetable  organisms.  The  results  in  favour  of  such  a  view  are, 
however,  explicable  by  supposing  that  due  precautions  had  not  been 
adopted  at  the  beginning  of  the  experiment  to  exclude  every  animal 
or  germ  capable  of  development  in  the  infusion,  or  to  gain  satisfactory 
assurance  that  the  air  subsequently  admitted  contained  nothing  of  the 
kind.  The  only  experiment  in  which  these  difficulties  appear  to  have 
been  fully  overcome,  is  that  in  which  the  requisite  apparatus  waa 
conceived  by  Professor  Schulze  of  Berlin.  He  filled  a  glass  flaak 
half  full  of  distilled  water,  in  which  were  mixed  various  animal  and 
vegetable  substances :  he  then  closed  it  with  a  good  cork,  through 
which  were  passed  two  glass  tubes,  bent  at  right  angles,  the  whole 
being  air-tight :  it  was  next  placed  in  a  sand-bath,  and  heated  until 
the  water  boiled  violently.  While  the  watery  vapour  was  escaping 
by  the  glass  tubes,  the  Professor  fastened  at  each  end  an  i^paratua 
which  chemists  employ  for  collecting  carbonic  acid :  that  at  the  one 
end  was  filled  with  concentrated  sulphuric  acid,  and  the  other  with  a 
solution  of  potash.  By  means  of  the  boiling  heat,  it  is  to  be  pre- 
sumed that  every  thing  living  and  all  germs  in  the  fiask  or  in  the 
tubes  were  destroyed ;  whilst  all  access  was  cut  off  by  the  sulphuric 
acid  on  the  one  side,  and  by  the  potash  on  the  other.  The  apparatus 
was  then  exposed  to  the  influence  of  summer  light  and  heat ;  at  the 
same  time  there  was  placed  near  it  an  open  vessel,  with  the  same 
substances  that  had  been  introduced  into  the  flask,  and  also  after 
having  subjected  them  to  a  boiling  temperature.  In  order  to  renew 
constantly  the  air  within  the  flask,  the  experimentor  sucked  with  his 
mouth  several  times  a  day  the  open  end  of  the  apparatus,  filled  with 
the  solution  of  potash,  by  which  process  the  air  entered  his  mouth 
from  the  flask  after  passing  through  the  caustic  liquid,  and  the  atmos* 
pheric  air  from  without  entered  the  flask  through  the  sulphuric  acid. 
The  air  was  of  course  not  at  all  altered  in  its  composition  by  passing 
through  the  sulphuric  acid  in  the  flask  ;  but  all  the  portions  of  living 
matter,  or  of  matter  capable  of  becoming  animated,  were  taken  up  by 
the  sulphuric  acid  and  destroyed.  From  the  28th  of  May  until  the 
beginning  of  August,  Professor  Schulze  continued  uninterruptedly 
the  renewal  of  the  air  in  the  flask,  without  being  able,  by  the  aid  of 
the  microscope,  to  discover  any  living  animal  or  vegetable  substance ; 
although,  during  the  whole  of  the  time,  observations  were  made 
almost  daily  on  the  edge  of  the  liquid ;  and  when^  at  last,  the  Pro- 
fessor separated  the  different  parts  of  the  apparatus,  he  could  not 
find  in  the  whole  liquid  the  slightest  trace  of  Infusoria  or  Conferve, 
or  of  mould ;  but  all  three  presented  themselves  in  great  abundance 
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ft  few  days  after  he  had  left  tbe  flask  standing  open.  The  vessel 
which  he  pUc^d  near  the  apparatus  contained  on  the  following  day 
VLbriooes  and  Monads,  to  which  were  eoon  added  larger  polygastric 
Infasoria,  and  afterwards  Rotifera.*  To  the  organisation  of  tbia 
liigher  form  of  Infusoria,  which  are  always  the  last  to  appear  in 
infasions,  I  now  proceed. 

The  Raiiftra  are  so  called  on  accoont  of  the  aggregation  of  their 
cilia  into  circular  or  semicircular  groupB  upon  lobes  or  processes  of 
tbe  lieid,  which  resemble  rudiments  of  tlie  ciliated  tentacles  of  the 
lugber  or  Ciliohrachiate  Polypes,  I  By  the  vibration  of  these  cilia, 
which  occasions  the  appearance  of  little  wheels  in  rapid  motion, 
fflfODg  currents  are  produced  in  the  surrounding  water,  and  tbey  thus 
Benre  ftt  the  instruments  for  locomotion  and  the  preliension  of  food* 
The  body  in  the  Rolifera  is  more  or  less  elongated  or  vermiform.  It 
Is  provided,  at  ita  posterior  extremity,  with  a  pair  of  slender  and 
fiointed  claapers,  protected  by  a  sheath,  into  which  they  can  be  re- 
tficted  when  not  in  use.  These  appendages  are  longer  than  the  body 
In  Mnse  tpecies,  as  the  Notommata  Tigris :  their  sheath  is  much  don- 
ated and  slightly  annulaled  in  the  Brachioni :  it  is  telescopiform  in 
Semridium :  both  claspers  and  sheath  are  wanting  only  in  the  Anurwus, 
Tbe  integument  of  the  body  is  smooth,  and  never  ciliated  :  although 
tbt  ptrftalie  jointed  fibres  of  Ifr/grocrock,  which  attach  themselves 
wome$imes  to  the  integument  of  the  larger  species,  as  Notommata 
efnirura^  give  it  that  appearance.  In  Chwtonoius  and  Phiiodina 
aemitaia  the  integument  is  beset  with  stiff  bristle.^.  The  Pol^arthrw 
have  long  jointed  filaments,  like  the  rays  of  a  fish's  fin,  attached  to 

rthe  aides  of  the  body;  indicating   the   first   rudiments   of  lateral 
members. 

Not  any  of  the  speciea  are  known  to  secrete  a  sillcious  shell ;  but 

.nftnj  of  ihem  are  provided  with  a  transparent  gehitinous  case,  into 
wbteSi  they  can  contract  their  bodies ;  thus  offering  another  analogy 
to  tbe  Ciliohrachiate  Polypes,  and  alao  to  the  bivalve-sheathed  Ento- 
The  principal  loricate  genera  are  Noteus,  Anuriea,  Bra- 


•  SGQY.  vol  acxiil  p,  165.    PI,  1.  fig.  2.  giycs  a  Teprescntaticm  of  the  FimplQ 
1  apputittifi  devi^Mt  by  Prof.  Schuke,    In  a  glass  of  water  contain  in  g 
;  Spirofifret  Cuhn  first  obicnretl  Paramecium  Aurclia,  which  wm  fuUuwcd 
neOGfidon  hy  Baker*s  Ptoiais,  Lacrimaria  Proteus  or  TmcheiiicaTa  Olon 
I  emt^ttts,  Fpccies  of  Cd^foda^  Eupiote*  of  large  sisc  with  green  gIo1>uled 
I  the  colourless  Euplote*  Charon.    All  these  eaccceded  CAcb  other  in  the 
!  of  three  weeks.     Then  cAino  the  Itoti/ers. 
Ehranberg  renmrks  that  ihc  Rotifira  arc  **  Bryozoa  without  the  po^*er  of  pra> 
Qg  \tf  gaDmation.**  --  XI.  p.  384. 
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ckiomus^  And  PUrodbui.  In  aU  the  species  the  shell  is  a  cylinder  or 
case  (UstMla)t  not  a  mere  shield  {scuieilmm),  Horn-like  processes 
project  from  the  fnnit  margin  of  the  firm  shell  in  some  species  of 
BrackionuM,  and  from  both  front  and  back  margins  in  other  species. 
In  some  Xoiei  and  AHur€Kt  the  shell  is  ornamented  by  large  pen- 
tagonal or  hexagonal  groups  of  granules. 

The  cephalic  cilia  are  aggregated  into  from  two  to  five  groups,  upon 
lobes  (Jig.  20,  a\  or  pedunculate  discs,  which  in  some  species  are 
developed  into  short  tentacular  processes,  with  a  verticillate  arrange- 
ment of  cilia,  as  in  Fhuruiaria  and  Stepkanoeerog  {^g.  22.).  These 
lobes  or  processes  Ehrenberg  regards  as  muscular.     The  movements 

of  the  ciliated  quasi-wheels  are 
under  the  control  of  the  wilL  Thej 
can  be  instantly  arrested,  the  whole 
apparatus  drawn  out  of  sight, 
again  protruded,  and  as  instantly 
set  in  motion.  The  muscles  which 
protrude  and  retract  the  ciliated 
lobes,  which  bend  and  modify  the 
form  of  the  body,  and  which  throw 
out,  attach,  or  heave  in  the  anal 
anchors,  are  developed  in  the  form 
of  distinct  narrow  fibrous  bands, 
which  are  transversely  striated. 
The  long  and  narrow  longitudinal 
muscles  which  retract  the  head  and 
shorten  the  whole  body  are  some- 
times in  two  pairs,  one  lateral  and 
the  other  dorsal  {b,^g.  20.).  There 
are  other  mere  filamentary  longitudinal  muscles,  which  are  usually 
forked  at  their  insertions.  Veiy  fine  muscular  threads  are  attached 
to  the  principal  viscera,  and  keep  them  in  their  places.  The  antagonist 
transverse  bands  which  diminish  the  breadth  of  the  body  and  restore 
its  length,  are  shown  at  c  c,  Jig.  20.  All  these  muscles  are  attached 
to  an  inner  layer  of  the  skin  separable  from  the  outer  one. 

With  this  advanced  condition  of  the  muscular  system  the  parts  of 
the  nervous  system  now  likewise  become  distinctly  visible.  Ehren- 
berg delineates  a  large  cerebral  ganglion,  which  in  some  species  is  of 
a  trilobate  form,  in  others  {Jig,  22,  b)  is  double,  and  which  is  always 
in  close  connection  with  the  coloured,  generally  red,  ocellus  or  eye- 
speck  {Jig.  20,  ^,  ^g,  22,  a).  Some  of  the  nervous  filaments  ex- 
tend from  this  ganglion  forwards  to  the  muscular  lobes  supporting 
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md  moving  the  wheel-like  cilia;  other  filaments  of  greater  length 
stretch  backwards  into  the  cavity  of  the  body,  apparently  attached  to 
the  ventral  integument^  on  the  outer  side  of  the  principal  longitudinal 
xetractor  muscles.    In  Notommata  clavulata  Ehrenberg  describes  two 
Tinted  ganglions  in  the  neck  (Jig,  20,  d,  d)y  superadded  to  the  prin- 
cipal cerebral  ganglion  connected  with  the  rotatory  muscle^  and  other 
gangliform  bodies  on  each  side,  developed  upon  the  long  abdominal 
nerroos  filaments.      Besides   these,   other  small  enlargements  are 
figured  as  ganglions  upon  the  transverse  bands  or  ^vascular  circles"  of 
Btfenberg,  making  altogether  eight  pairs  of  ganglions  in  this  little 
uimalcule,  which  measures  one^eighth  of  a  line  in  length.     With 
ngard  to  the  ganglions  on  the  so-called  transverse  vessels,  both  these 
uid  the  vessels  bear  a  striking  analogy  to  those  transverse  muscles 
with  a  middle  swelling,  which  Dr.  Arthur  Farre*  has  described  and 
%Qred  in  his  Ciliobrachiate  Polypes.     The  most  satisfactory  indica- 
^  of  the  nervous  system  in  a  Rotifer  appears  to  be  that  given  by 
^fdig  in  the  Lacinularia  socialis.     It  consists  of  two  groups  of  four 
flpiodie-shaped  nucleated  cells,  the  extremities  of  which  are  attenuated 
ttd  produced  into  fine  (nervous)  filaments.     One  group  is  situated 
between  the  pharynx  and  ingluvies ;  the  other  and  more  conspicuous 
git)op  is  placed  in  the  base  of  the  tail,  f 

The  movements  of  the  Rotifera  are  of  a  more  varied  character  than 
those  in  the  Polygastria ;  they  sometimes  dart  swiftly  forwards,  at 
others  glide  leisurely  aloDg,  or,  anchoring  themselves  by  their  little 
terminal  claspers,  employ  their  ciliated  paddle-wheels  to  create  the 
currents  which  prove  so  fatal  to  the  minuter  race  of  Infusories.  The 
PhUodina  creeps,  like  a  leech,  by  the  aid  of  a  sucker  at  the  mouth, 
and  another  at  the  end  of  the  tail.  When  the  Rotifer  has  attached 
itself  to  some  fixed  body  by  its  hinder  claspers,  the  vortices  which  it 
occasions  in  the  water  are  so  directed  as  to  draw  the  smaller  Infusoria 
and  other  particles  of  food  towards  the  orifice  of  the  infundibular 
mouth.  In  some  species  this  cavity  is  so  large  as  to  allow  of  a  con- 
siderable accumulation  of  food,  as  e.g.,  in  the  Stephanoceros  (fig, 
22,  c).     In  Lacinularia  a  pair  of  bifid  salivary  glands  open  into  it. 

Having  seized  their  prey,  it  is  exposed  in  a  second  cavity  or  pharynx 
to  the  destructive  action  of  a  complicated  dental  apparatus  (fig,  21,/). 
This  consists  of  two  horny  jaws,  acting  horizontally  upon  a  median 
piece,  or  anvil.  The  hard  maxillsB  are  each  bent  upon  themselves  at 
a  right,  or,  rather,  acute  angle ;  the  transverse  or  dental  part,  which 
beats  upon  the  surface  of  the  anvil,  being  divided  into  two  or  more 
Bharp  spines.     The  muscles  which  work  these  dental  hammers  are 

♦  XXXV.  p.  394.,  pl.xxi.,  fig.  13.  f  CLVIL,  p.  452.  t.  xvii. 
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dispofted  in  four  massen,  and  inserted  into  the 
ri'jr  portiou,  wLicL  muy  be  regarded  u  the  mdimentil  jnr.   Ik 
eflicac/  of  tliese  iDStrumente  in  tearing  to  fragmwnta  the  ofajedi  mA 
lowed  up  luay  be  easilj  disoenied  in  the  liring  ammal  Arop^ii 
triuitfpiireot  parietes. 

'i'lie  coxiditloD  of  the  alimentarj  organs  difiers  in  the  two  semtf 
the  liotifera.  In  tlie  minute  males  there  is  a  simple  digestifc  a^ 
without  iute^tiue  or  anus;  and  those  parts  are  ahaent,  aoeorttf  H 
(f4jb^,  iu  the  female  also  of  his  Atplamdkma  pnodamia,*  la  Al 
k'U)ale«  of  all  tlie  species  prerionslj  obaenred  the  alimentaiy  cssda 
a  more  or  less  simple  tube  (fy-  ^Qf/iP^  ^X  commonlj 
l^itudirially  through  the  well-developed  abdominal  cavity,  to 
by  a  cl4>aeal  outlet  (h)  at  the  hinder  end  of  the  bodj,  geoersD j  sbns 
tlie  base  of  the  sheath  of  the  claspers.  In  the  kxicale  TUissfani 
und  Mtlieerla  the  intestine  is  bent  and  the  anas  opens  far  fonrarfL 
I'he  cuual  is  s^^metimes  wider,  sometimes  narrower,  aomedmeiiritt 
(fCuchlanis,  JJrachionus)  and  sometimes  without  ( AaUiss)  • 
constriction  indicative  of  the  stomach :  this  eavitf  ii 
usually  well  marked  in  NoiamwuUa  (JS^»  ^9)''^ 
liotifer  {fig.  21.)  and  Ffyura  there  ia  a  distinctlff' 
niinal  dilation  or  rectum :  sometimes  the  intestiBeii 
complicated  with  manj  csBca,  as  in  Digiema  and  Mi§^ 
iotrovha.  The  lining  membrane  of  the  alimeotn; 
canal  is  beset  with  vibratile  cilia,  and  the  parietes  eon- 
siHt  of  cells,  with  a  colourless  nucleus,  and  with  t 
brown  or  green  finely  granular  contents^  which  losj 
eliiborntc  a  fluid  analogous  to  bile.  Most  of  the  Roti- 
furs  ((rertain  species  of  Ichthydina  being  exceptions) 
have,  juut  behind  tho  pharynx,  or  continued  from  the 
stonia(;h,  two  largo  oval  glandular  sacs,  rarely  cjliBr 
drical  or  bifurcated,  to  which  sometimes  filamentary 
CiitcMi  are  appended,  as  in  Enteroplea.  These  secerning 
sacs  {fiy,  20,  t)  arc  also  lined  by  a  ciliated  epitheliun)* 
M.  L«ii«i.  Huiifer.  and,  from  the  colourless  nature  of  their  contents,  are 
prohubly  of  the  nature  of  pancreatic  glands. 

Khrciibi'.rg  reeognisos  a  vascular  system  in  the  parallel  transverse 
ttluiider  Imnils  which  surround  the  body;  these  are  in  close  connec* 
tioM  with  the  integument,  and  are  more  probably  muscular. 

In  most  liotifers  there  extends  down  each  side  of  the  body  a 
narrow  band  or  tmniiforni  organ,  containing  a  motionless  vasiform 
canal.     At  the  anterior  part  of  the  bands  many  short  lateral  vessels 
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appear  id  some  Rotifers  to  be  in  connection  with  the  longitudinal 
canals :  in  Lacinnlaria  these  terminate  here  in  a  small  convoluted  knot. 
Bapidlj  vibrating  or  undulating  ciHated  tags  are  attached  to  dif- 
ferent parts  of  the  vasiform  bands.  The  number  of  the  vibratory 
tags  varies  not  only  in  different  species,  but  even  in  individuals  of  the 
same  sgedes.  In  general  there  are  from  two  to  three  on  each  side, 
sometimes  from  five  to  eight,  as  in  Notammaia  eopeus  and  N.  syrinx; 
and  in  the  rare  instance  of  Noiotnmata  clavicuUUa  as  many  as  from 
thirty-six  to  forty-eight  have  been  seen  on  each  lateral  band. 

At  the  anal  end  of  the  abdomen  the  two  lateral  bands  converge, 
and  their  longitudinal  canals  anastomose  and  open  into  a  common 
contractile  bladder,  which  expels  its  watery  contents  into  the  cloacal 
outlet.  An  aperture,  sometimes  supported  on  a  special  process  at  the 
fore-part  of  the  trunk,  probably  admits  the  water  into  the  abdomen, 
where  it  may  be  received  into  the  freely  suspended  lateral  canals, 
and  expelled  by  the  contractile  bladder.  This  apparatus  is  viewed  by 
Siebold  with  much  probability,  as  subserving  respiration.  Enieroplea, 
tfydaHnOy  and  DiglenOj  have  a-  simple  anterior  branchial  aperture. 
RoHfer^  PhUodmay  Brachionus^  and  some  species  of  Notommata, 
have  a  branchial  tube :  Tubicolaria  and  Melicerta  have  a  double 
branchial  tube. 

Crroups  and  rows  of  minute  granules  may  be  observed  in  rapid 
molecular  motion,  immediately  beneath  the  integument ;  and  these 
are  sometimes  hurried  along  in  currents,  indicative  of  a  circulatory 
movement. 

The  gelatinous  cell  or  tube  protecting  the  body  in  some  Rotifera 
most  be  cited  as  one  of  the  secretions  in  that  class :  the  gland  is 
situated  at  the  base  of  the  toil  in  Lacinularia,  and  its  duct  traverses 
that  extensile  part  to  terminate  at  its  extremity.  Many  individuals 
of  ConochUus  and  Lacinularia  may  be  found  in  a  conglomerate  of 
such  gelatinous  shells,  diverging  from  their  fundus  as  from  a  centre. 
The  individuals  of  TiMculariay  Floscuiaria,  and  Stephanoceros  are 
protected  in  more  elongated  tube-shaped  cells,  which  are  commonly 
insulated.  In  Melicerta  the  protective  tube  is  composed  of  multan- 
gular brown  corpuscles,  expelled  from  the  cloacal  opening,  and  com- 
pacted together.* 

The  Botifera  are  of  distinct  sex ;  the  females  being  larger  than 
the  males,  and  almost  exclusively  the  subjects  of  scrutiny  by  the 
eminent  micrographers  to  whom  we  are  indebted  for  a  knowledge  of 
the  anatomy  of  the  class.  Any  other  than  female  organs  in  these 
larger  individuals  has  been  ascribed  to  them  only  on  the  supposition 
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that  part  of  tbe  respiratory 
or  aquigerous  apparatus  was 
the  male  organ*  Modt  of  the 
Rotifera  are  oviparous^  the 
ova  being  large  and  few  in 
number  {^fig,  22,  a.):  the 
PhilodintR  are  commonly  vi- 
viparous. No  species  haa 
yet  been  found  to  be  par- 
thenogenetic»  either  by  way 
of  spontaneous  fisaiozi  or 
gemmation. 

The  egg-forming  organ 
consigts  of  a  simple  wide 
sac,  single  in  Notammai^ 
{Jig.  20,  L),  but  more  co0 
monly  divided  into  two  co 
nua,  the  body  terminatic 
by  a  short  contracted  cervix, 
which  communicates  with  the 
cloaca.  The  two  other  longer 
and  more  slender  canals  con- 
nected with  the  cloaca  by 
the  medium  of  the  pulsa- 
tile sac,  which  are  supposed 
by  Ehrenberg  to  be  the 
testes  and  seminal  vesicle, 
are  the  parts  already  de- 
scribed as  the  respiiatory 
system.  In  the  first  place 
Siebold  has  shown,  that 
in  the  development  of  the 
liotifera,  the  long  and  slender 
tubes  appear  and  increase  to 
the  ratio  of  the  growth  of  the 
intestinal  organs  and  before 
the  ovaria;  secondly,  they 
contain  nothing  but  clear 
liquid  ;  thirdly,  the  tnie 
nature  of  the  pulsatile  Me 
being  determined  in  the  Po» 
lygastria,  we  may  infer  that 
it  has  to  do  with  the  circulat- 
ing and  respiratory  proco 
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in  the  Hotifera ;  and  laatlj,  nelttier  the  pulsatile  &ac  nor  the  slender  k- 
leral  canals  ever  contain  spermatozoa,  Tbe  conclusion  to  which  Siebold 
arrived,  viz,^  that  onlj  female  organs  could  be  determined  in  the  large 
and  complex  Kotifera,  which  had  been  examined  bj  him  and  others, 
appeared,  therefore,  to  be  well-founded.  At  this  stage  of  know- 
ledge of  the  nature  of  the  generation  of  Rotifera,  the  following  ob- 
MrratioDs  were  very  timelj  and  acceptable.  Mr.  Brightwell,  who 
hMM  paid  much  attention  to  the  Infusoria^  and  has  published  a  work 
on  thoae  found  in  the  county  of  Norfolk,  met  with  some  small 
indifiduab  of  a  species  of  Notommata^  so  diierent  in  character  to  the 
ordixiarj  large  female  ones,  to  which  they  wexe  often  attached,  as  to 
give  him  the  impression  that  they  were  the  male  indiyiduals*;  and 
la  a  letter  which  I  have  received  from  him  he  says :  ^*  I  have  lately 
fcpeatedlj  seen  the  male  in  connexion  with  the  female ;  and  it  re- 
■Mdiia  aa  for  about  seventy  seconds."  In  these  small  individuals 
ICr.  Dalrymple  has  discovered  organs  with  abundant  spermatozoa  ; 
but  the  rest  of  their  structure  ia  much  more  simple  than  that  of  the 
feiiaie :  e.  g,  they  have  neither  intestine  nor  anus.  This  may  seem 
al  fint  opposed  to  all  ordinary  analogies  ;  but  inferiority,  not  of  si^e 
ooljr,  but  in  grade  of  organization,  is  no  uncommon  characteristic  of 
the  male  in  the  invertebrate  series.  Nordmann  discovered  the  male 
ef  Uie  Lemaea  to  he  a  minute  parasite  ypon  the  vulva  of  the  female^ 
DirwiA  has  detected  on  analogous  condition  of  the  impregnating 
individiial  in  certain  Cirripedes ;  and  the  worm  which  Cuvier  de- 
scribed under  the  name  of  the  Heciocolylus,  as  the  parasite  of  the 
Argonaut,  appears  from  the  observations  of  the  accurate  Kolliker,  to 
be  actually  the  male  of  that  species. 

In  thje  Noiommata  Syrinx  the  male  ia  about  half  the  size  of  the 
fieiiiak  :  it  has  a  large  round  sperm-sac,  or  testis,  at  the  lower  end  of 
its  body,  communicating  by  a  short  duct  with  a  short  penis  or  sperm- 
lube.  The  spermatozoa  may  be  seen  in  active  motion  within  the  sperm- 
ne.  On  the  15th  of  June  Mr*  Brightwell  f  placed  one  of  these  males 
■ttd  ux  ^males  in  a  small  glass  trough,  and  on  the  folIowiDg  day  saw 
it  attaeh  itself  to  a  female  by  his  sperm-tube,  remaining  so  attached 
twenty  or  thirty  seconds :  it  afterwards  repeated  the  act  with  four 
other  females :  the  whole  occupying  a  period  of  about  fifteen  minutes. 
Mr.  Qoese  %  has  subsequently  recognised  similar  males  in  the  genus 
J^Mfiamehna ;  and  Dr.  Leydig  has  described  from  one  to  four  indi- 
(jHdttils  to  each  colony  of  Lacinnlaria  §,  which  exclusively  develope 
but  he  recognise  in  these  the  ovarium  also,  and  believes 
i  to  be  hermaphrodites,  whilst  the  rest  are  females.     There  can 

XXXVlLp.153.     tXXXVILp.l7,    JXXXVLp.22.      §  XXXV*.  p,  471. 

B  3 


52  LECTimE  m. 

be  no  doubt  about  the  functions  of  the  conspicuous  ovarium  in  the 
latter,  for  the  structure  of  the  ovum  can  be  discerned  through  its 
transparent  walls  i^Jig,  22.  //):  in  the  Rotifer  vulgaris,  the  young 
maj  be  seen  to  escape  from  the  eggs  in  the  uterus,  and  leave  the 
empty  shells  behind  them :  they  issue  from  the  parent  after  intervals 
of  from  five  minutes  to  an  hour.  The  unimpregnated  eggs  are  oval* 
with  a  firm  colourless  coat,  containing  a  minutely  granular,  usually 
colourless,  yolk,  with  a  conspicuous  germinal  vesicle.  In  PhUodma 
roseola  and  Brachionus  ruhens  the  yolk  is  of  a  reddish  colour.  In 
the  tubicular  Rotifera  the  eggs  are  generally  deposited  within  the 
tube.  In  Triarihra  and  Polyarthra  they  remain  attached  to  the 
cloacal  opening.  In  some  species  two  kinds  of  eggs  are  laid,  one 
having  two  shells,  and  a  later  period  of  hatching,  carrying  the  latent 
life  of  the  germ  through  the  winter,  after  the  death  of  the  parent. 

In  the  Hydatina  senta  Ehrenberg  has  carefully  traced  the  forma- 
tion of  the  ova.  They  are  first  manifested  as  clear  spots  or  vesicles 
filled  apparently  with  albumen.  In  two  or  three  hours  a  dark  speck 
is  seen  in  the  middle  of  the  clear  vesicle,  which  he  compares  with  the 
yolk.  In  five  or  six  hours  the  yolk  fills  the  clear  space  and  pushes  it 
to  one  side,  and  in  this  state  the  ova  are  fecundated  and  excluded 
from  the  cloaca. 

The  change  in  the  position  of  the  clear  spot  is  important,  from  its 
interesting  analogy  with  the  change  in  the  position  of  the  germinal 
vesicle  in  relation  to  the  yolk  of  the  rabbit's  ovum,  and  with  the 
altered  position  of  the  entire  ovum  in  relation  to  the  ovisac,  pre* 
paratory  to  impregnation ;  both  being,  to  use  Ehrenberg's  expression, 
*< pushed  to  one  side;"  to  that  side,  viz.^  which  approximates  the 
important  vesicle  whence  all  subsequent  development  radiates,  to 
the  surface  which  admits  the  fertilising  principle.  .  The  result  of 
this  admission  is  seen  in  the  commencement  of  the  series  of  successive 
divisions  of  the  yolk,  the  whole  of  which  is  acted  upon  by  the  pre* 
viously  dividing  central  hyaline  nucleus,  and  is  so  converted  into  a 
'germ-mass.'  This  process  of  'total  cleavage'  of  the  impregnated 
egg-material  has  been  described  by  Kolliker  *  in  Megalotrocha^  and 
by  Leydig  in  Lacinularia\y  where  the  progression  is  1,  2,  3,  4,  5,  6^ 
7,  8,  &c.,  instead  of  2,  4,  8,  16,  32,  64,  as  in  the  usual  formation  of 
the  germ-mass.  The  further  development  of  the  Rotifera  has  been 
very  well  followed  by  Ehrenberg.  He  states,  that  in  the  ovum 
of  the  Hydatina,  three  hours  after  its  exclusion,  the  clear  spot  (ger- 
minal  vesicle)  has  disappeared,  and  the  ^gg  is  occupied  by  the  yolk» 
which  is  granular  at  one  end  and  clear  at  the  other.     A  dark  spot 
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iKen  appeared  in  the  middle  of  the  ovum,  wltieli,  su;  hours  after 
tzdtiKiuny  could  be  distinguished  aa  tlje  liead,  with  the  riidiinontal 
dentJil  apparatus  of  the  enihrjo.  At  the  eleventh  liour  the  wheel- 
like  ciliated  organs  be^un  to  play,  and  the  foetus  to  move  in  the  egg. 
Al  ihe  iwtlfih  hour  the  body  was  completely  formed,  and  bent  some- 
what spirally,  the  bifurcated  anal  appendage  being  doubled  backwards 
lovanls  the  head*  The  revolutions  of  the  young  Rotifer  are  now  so 
poweHiil  as  to  threaten  every  instant  to  burst  the  egg-shell,  but  they 
oflen  c^mtinue  two  hours. 

The  arerage  period  of  development  of  a  young  Ilt/daima  under 
fjiiroiirable  circumstances  is  twenty- four  hours  ;  twelve  within  and 
twelve  without  the  parent's  body.  When  it  proceeds  more  slowly, 
Ehrenberg  recommends  the  liberal  supply  of  the  green  monads, 
{Ckiam^domonas pulvUculus^  and  Eugletm  viridis). 

Ova  de(>osited  in  the  cold  early  days  of  winter  remain  undeveloped 
until  spring,  and  are  protected  by  their  dense  double  shell  Ehren- 
bet^g  watched  dunng  eighteen  days  successively  an  individual 
iiydaiiaa  senta^  which  was  full-grown  when  singled  out^  and  did  not 
die  of  old  age,  which  proves  this  species  to  live  more  than  twenty 
days.  Such  an  individual  is  capable  of  a  four-fold  propagjition  every 
twenty-four  or  thirty  hours,  bringing  forth  in  this  time  four  ova, 
which  grow  from  the  embryo  to  maturity,  and  tixckide  their  fertile 
ova  in  the  same  period.  The  same  individual,  producing  in  ten  days 
ft*ny  egg!*,  developtfd  with  the  rapidity  above  cited,  ^ this  rate,  raised 
to  the  tenth  power,  gives  one  million  of  individuals  from  one  parent^ 
on  the  eleventh  day  four  millions,  and  on  the  twelfth  day  sixteen 
millions,  and  so  on. 

Although  this  rate  of  production  from  fertile  ova  is  the  greatest 
hitherto  obf*erved,  far  exceeding  that  in  the  class  of  insects,  it  is 
maeh  inferior  to  the  propagative  power  in  the  Poljgastria.  We  saw 
thai  in  the  Paramttvium  aurelia^  which  lives  several  days,  a  trana- 
verae  fiasion  took  place,  the  individual  becoming  two,  every  twenty- 
iirs.  It  is  affirmed  also  to  propagate  by  ova,  whit.'h  are 
I  (,  not  singly,  but  in  masses;  which  ova  rapidly  develope  and 

repeat  Uie  acts  of  propagation  ;  so  that  the  possible  increase  in  forty- 
e%hl  hours  is  quite  incalculable.  Who  can  wonder  that  infusions 
flhooldt  with  the  brood  of  two  or  three  days  only,  swarm  with  these 
Afitmalcnles. 

All  the  ordinary  Infusoria  live  through  the  winter  beneath  the  ice. 
After  having  been  once  completely  frozen,  Ehrenbei^  found  them 
dead  H'hen  thawed.  They,  however,  manifested  considerable  powers 
of  rr*iitance  to  this  effect  of  extreme  cold.     Ehrcnberg  eudcavoured 
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to  freeze  some  Infusoria  in  a  watch-glass,  and  examined  the  dear  ice 
in  a  cold  room :  he  observed  that  those  which  appeared  to  be  frozen 
and  imbedded  in  the  mass  were  actually  inclosed  in  very  minute 
vesicles  in  the  ice.  He  conceives  that  they  may  remain  torpid  in  this 
state  through  the  winter,  and  revive  when  their  little  ice-houses  have 
been  melted  away  in  spring. 

Infusoria  are  destroyed  generally  by  expanding  and  bursting,  after 
a  few  minutes'  subjection  to  the  heat  of  boiling  water. 

In  water  subjected  to  a  galvanic  current  strong  enough  to  cause 
decomposition,  the  contained  Infusoria  are  killed.  When  sutgected  to 
a  weaker  current,  those  only  which  came  into  its  course  were  affected : 
some  Rotifera  were  observed  to  be  stunned  only,  and  afterwards 
recovered ;  others  were  killed. 

Tenacity  of  life  is  a  very  striking  physiological  character  of  the 
Infusoria. 

The  famous  phenomena  of  the  revival  of  Rotifera,  after  having 
been  completely  dried  and  apparently  killed,  certainly  when  reduced 
to  the  state  of  the  most  complete  torpidity,  were  first  observed  by 
Leeuwenhoek  in  the  year  1 701  .*  The  father  of  microscopical  anat<Hny 
had  been  engaged  in  examining  some  specimens  of  Rotifer  vulgartM 
with  Euglena  sanguineoy  and  had  left  the  water  in  which  they  were 
contained,  to  evaporate.  Two  days  afterwards,  having  added  some 
rain-water,  which  he  had  previously  boiled,  within  half  an  hour  he 
saw  a  hundred  of  the  Rotifera  revived  and  moving  about  A  similar 
experiment  was  followed  with  the  same  result  after  a  period  of  five 
months,  during  which  period  the  Rotifera  had  remained  in  a  state  of 
complete  desiccation  and  torpidity.  These  observations  were  repeated 
by  Hill  t  and  Baker4  You  will  find  all  the  experiments  that  were 
recorded  before  the  time  of  Haller  accurately  quoted  in  his  great 
"Physiologia  Corporis  Humani,"  vol.  viii.  p.  111.  Fontana  §  kept 
Rotifera  two  years  and  a  half  in  dry  sand,  exposed  to  all  the  power 
of  an  Italian  summer's  sun :  yet  in  two  hours  after  the  application  of 
rain-water  they  recovered  life  and  motion.  Groz^^  Corti,  and  Mliller 
recorded  similar  experiments :  but  those  performed  by  the  celebrated 
Abbe  Spallanzani  are  perhaps  most  generally  known.  He  succeeded 
in  reviving  bis  Rotifers  after  four  years*  torpidity:  he  alternately 
dried  and  moistened  the  same  animalcules  twelve  times  with  similar 
results,  except  that  the  number  of  the  revivers  was  successively 
smaller ;  after  the  sixteenth  moistening  he  failed  to  restore  any  of 
them  to  life.  || 
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One  of  the  essential  conditions  of  the  revival  of  the  Rotifers  ap- 
peared to  G^Mdlanzani  to  be  their  burial  in  sand :  the  access  of  air 
seems  prejudicial  to  their  retention  of  vitality.  Miiller  *,  the  famous 
Danish  observer  of  Infusoria,  onlj  succeeded  in  reviving  them  when 
they  were  surrounded  bj  foreign  particles,  and  defended  from  the  air. 
Both  Oken  and  Rudolphi  f  deny  the  revival  of  desiccated  animals  ; 
but  later  observers  have  succeeded  in  reproducing  the  wonderful  phe- 
nomena described  bj  SpaUamsani,  especially  Professor  Schultze ;  and 
I  myself  witnessed  at  Freiburg,  in  1838,  the  revival  of  the  arachnidal 
Aretisean  which  had  been  preserved  in  dry  sand  by  the  Professor 
upwards  of  four  years. 

Sommary  of  the  Classes,  Orders,  and  Families  of  the  *^  Infusoria  " 
of  Cnvier  and  Ehrenberg. 

Class  POLYGASTRIA. 

Formf  more  or  less  that  of  a  celL  Shelly  when  present,  siliceous  or 
calcareous. 

MotioHf  a  few  pedunculate,  most  are  free  and  move  by  more  or  less 
generally  diffused  superficial  vibratile  cilia. 

DigeMikm^  by  cavities  in  a  soft  parenchyme,  without  proper  walls ; 
the  food  taken  either  by  superficial  absorption  or  breach  into  the 
pftrenchyme,  or  by  a  mouth  into  a  ciliated  dilatable  cavity. 

Greulaiumy  by  one  or  more  pulsating  sacs. 

RespiroHoHy  by  rotating  chlorophyl  and  by  ciliated  integument 

CreneraHony  by  spermatic  nucleus  governing  partial  or  total  fis- 
sion of  body,  by  gemmation,  and  by  germ-cells,  excluded  as  such  (?), 
or  developed  within  the  body.    No  distinction  of  sex. 

Order  ASTOMA.     Shell,  when  present,  siliceous. 
Families  Monjdina.  Genera  MonaSy  Mtcroglena,  Chilomon<is, 

Bodoy  Gregarina. 
AsTAsnvA.  Amblyophysy  Euglena,  Chlorogo- 

nium, 
Peridinina.  Peridiniumy  Glenodinium. 

Opalinika.  Opalina. 

AcTiNOPHBYNA.  Actifiopkrys. 

Order  STOMATODA.     Shell,  when  present,  siliceous. 
Families  Vobticelusa.      Genera  Stentovy  Trichodinay   Vorticellay 

EpistyliSy  Carchesium, 
Ophrydina.  VaginicoUiy  Cathurnia. 

EscHELiA.  Leucophf-ySy  Prorodon. 

•  XUV.  p.  98.  t  XLV.  Bd.  I.  p.  285. 
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Trachxlisj.  Glaucoma^  Spiroiiomum,  Traehe- 

liu9,  Loxodes,  Ckilodom,  Pkia- 
linOf  Bunarioj  Natsuia. 

KoLPODiSA.  Kolpoda^  Paranueeww^  Ampki- 

lepius. 

OxYTRicHiNA.  OxytrickOj     S^hmyekia,     Uro- 

styla. 

EuPLOTiSA.  Euploies^  Himamapkorus^  Cklar 

midodon. 

Order  BHIZOPODA. 
Skellf  calcareoas,  camerated. 
Locomotion,  by  branched,  retractile  processes. 

Tribe  Monosomatia. 
Family  Am(sbina.       Genus    Amaba. 

Family  Arcblusa,     Grenera   Arcdloy  DiJffUgiOy   Gromia,  BiUMa^ 

Euglypha^  Trinema. 

Tribe  Polysoxatia. 
Genera  VorHdaUs^  Geoponus^  Noniomna, 

Class  ROTIFERA.    (Wheel-animalcules). 
Formy  Body  oblong,  with  a  tail  or  post-abdomen  more  or  less 
jointed.     Shell,  when  present,  gelatinous. 

Locomotion^  by  peculiar  aggregates  of  vibratile  cilia  on  the  head. 
Digestion,  by  an  alimentary  sac  or  canal,  in  an  abdominal  cavity. 
Circulation,  by  a  pulsatile  sac,  vessels,  and  sinuses. 
Respiration,  by  an  aquigerous  apparatus  with  peculiar  vibratile 
organs. 

Generation,  oviparous  or  ovoviviparous.     Sexes  distinct 
Family  Mosotrocha,      (  Single-wheeled).     Genera  Ptygura,  Ichthy- 

dium,  Chatonotus,  (Ecistes,  Conochilus. 
Family  Sciuzotrocha,      (Notch-wheeled).      Genera  Megaloirocha, 

Tubicolaria,  Stephanoceros,  Lacinularia, 
Melicerta,  Floscularia. 
Family  Polytrocha.    (Many-wheeled).    Genera  EnteropleOy  Hyda^ 

tina,Notommata,Polyarihra,  Triarthm^ 
Euchlanis,  Salpina. 
Family  Zygotrocha.      (Double-wheeled).       Genera  Rotifer,  Acti- 

nurus,     Noteus,     Philodina,     Anuraa, 
Brachionus,* 

♦  In  this  summor}'  adopted,  with  slight  motlification,  from  Siobold  (XXIV.), 
only  those  fnmilies  and  genera  arc  eitcd  which  best  serve  as  ty])cs  of  the  organisation 
of  the  respective  groups. 
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LECTURE  IV. 

KNTOZOA. 

The  ancient  philosophers  styled  man  the  microcosm,  fancifullj  con- 
caving him  to  resemble  in  miniature  the  macrocosm  or  great  world 

Man's  body  is  nnquestionablj  a  little  world  to  many  animals  of 
moch  smaller  size  and  lower  grade  of  organisation,  which  are 
developed  apon  and  within  it,  and  exist  altogether  at  the  expense  of 
its  fluids  and  solids. 

Not  fewer  than  eighteen  kinds  of  parasitic  animals  have  been 
fonnd  to  infest  the  internal  cavities  and  tissues  of  the  human  body; 
and  of  these,  at  least  fourteen  are  good  and  well  established  species  of 
Entozoa. 

ffippocrates  and  Aristotle  had  distinguished  the  human  intestinal 
worms  by  the  names  of  "  Helminthes  stronguloi "  and  "  Helminthes 
plateiai ; "  but  the  study  of  these  parasites  in  general  has  been  re- 
served for  recent  times.  Since  Linnaeus  the  stimulus  which  that 
great  master  gave  to  every  branch  of  Natural  History  has  been  in  no 
department  more  potent  than  in  encouraging  researches  into  the 
before  neglected  field  of  the  Internal  Animal  Parasites. 

To  the  labours  of  Goeze*,  Zederf,  Bremserf,  and,  above  all,  to 
those  of  Rudolphi  §,  we  are  indebted  for  our  knowledge  of  these 
animals  as  an  extensive  class,  which  Rudolphi  has  characterised, 
under  the  name  of  EntozoGy  as  white-blooded  worms  without  respira- 
tory organs,  and  (but  less  accurately)  without  nerves. 

The  number  of  these  parasites  may  be  conceived  when  it  is  stated 
that  almost  every  known  animal  has  its  peculiar  species,  and  generally 
more  than  one,  sometimes  as  many  as,  or  even  more  kinds  than,  infest 
the  human  body. 

There  are  few  common  and  positive  organic  characters  which  can 
be  attributed  to  this  very  extensive  and  singular  group  of  animals ; 
they  have  generally  a  soft,  absorbent,  colourless  integument,  which  in 
a  few  species  is  armed  with  spines.  That  the  integument  should  be 
uniformly  white  or  whitish  might,  a  priori,  have  been  expected  of 
animals  which  are  developed  and  exist  in  the  dark  recesses  of  other 
animal  bodies.  The  mature  ova  are  almost  the  only  parts  which 
naturally  acquire  a  distinct  colour ;  and  the  subtransparent  body  some- 
times derives  other  tints  from  the  accidental  colour  of  the  food.  Ex- 
cluded also  by  the  nature  of  their  abode  from  the  immediate  influence 
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of  the  atmosphere,  no  distinct  respiratory  organ  could  be  expected  to 
be  developed  in  the  EtUozoa;  but  this  negative  character  is  common 
to  them  with  most  of  the  other  *'  Zoophytes  "  of  Cuvier.  In  animals 
surrounded  by  and  having  every  part  of  their  absorbent  surface  in  con^ 
tact  with  the  secreted  and  vitalised  juices  of  higher  animals,  one  might 
likewise  have  anticipated  little  complexity  and  less  variety  of  organ- 
isation. Yet  the  workmanship  of  tiie  Divine  Artificer  is  sufficiently 
complicated  and  marvellous  in  these  outcasts,  as  they  may  be  termed, 
of  the  Animal  kingdom,  to  exhaust  the  utmost  skill  and  patience  of 
the  anatomist  in  unravelling  their  structure^  and  the  greatest  acumen 
and  judgment  of  the  physiologist  in  determining  the  functions  and 
analogies  of  the  structures  so  discovered.  What  also  is  very  re- 
markable, the  gradations  of  organisation  that  are  traceable  in  the  in- 
ternal parasites  reach  extremes  as  remote,  and  connect  those  animala 
by  links  as  diversified,  as  in  any  of  the  other  groups  of  Zoophytes^ 
although  these  play  their  parts  in  the  open  and  diversified  field  of 
Nature. 

Beginning  with  the  lowest  link  of  the  Entozoal  chain,  we  have  to 
commence  with  a  condition  of  organisation  more  simple  than  is 
presented  by  the  lowest  Infusory  or  Polype.  We  end  with  a  grade 
of  organisation,  which,  whether  it  is  to  be  referred  to  the  radiated  or 
articulated  types,  zoologists  and  anatomists  are  not  yet  unanimous. 

Amongst  the  vermiform  animals  with  colourless  integument,  coloor- 
lesB  circulating  juices  and  without  respiratory  organs,  two  leading  dif- 
ferences of  the  digestive  system  have  been  recognised :  in  the  one  it 
is  a  tube  with  two  apertures  contained  in  a  distinct  abdominal  cavity; 
in  the  other  it  is  excavated  or  imbedded  in  the  common  parenchyme 
of  the  body,  and  has  no  anal  outlet  The  first  condition  characterises 
the  Vers  Intestinaux  CavUaires  of  Cuvier ;  the  second  the  Vers  In- 
tesHnaux  Parenchymaletix  of  the  same  naturalist.* 

I  have  rendered  the  Cuvierian  definitions  of  the  two  leading 
classes  or  groups  of  the  Entozoa  by  the  single-worded  names  ^^Ccelel- 
mintha,"  and  <'  Sterelmintha." 

The  Ccelelmintha  include  the  LinguatuUB  with  the  Gordiacea  or 
'hair-worms',  and  the  cylindrical  Entozoa  or  'round  worms'  which  . 
form  the  order  Nematoidea  of  Rudolphi. 

This  great  entozoologist,  who  devoted  the  leisure  of  a  long  life 
to  the  successful  study  of  the  present  uninviting  class,  divided  the 
parenchymatous  Entozoa,  here  associated  in  the  class  Sterelminiha, 
into  four  orders.  The  Acanthocephahiy  in  which  the  head  has  a 
retractile  proboscis  armed  with  recurved  spines,  the  body  round  and 
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doDgated,  and  the  sexes  in  distinot  individuals.  The  Tremaiadoj  in 
which  the  head  is  unanned  and  has  a  suctorious  foramen,  the  body 
roonded  <ur  flattened,  and  generally  one  or  more  suctorious  cavities 
for  adhesion,  and  in  which  the  organs  of  both  sexes  are  in  the  same 
IndiTidaaL  The  Cetiaidea,  in  which  the  body  is  elongated,  flattened, 
and  generally  articnlated :  the  head,  variously  organised,  generally 
provided  with  suctorious  cavities,  sMnetimes  armed  with  a  coronet  of 
Iiooks,  sometimeB  with  four  onarmed  or  uncinated  tentacles:  both 
kinds  of  generative  organs  are  combined  in  the  same  individuaL 
Ijasdy,  the  order  of  C^tliMt,  in  which  the  body  is  rounded  or  flattened, 
and  terminates  posteriorly  in  a  cyst,  which  is  sometimes  common  to 
many  individoals :  the  head  is  provided  with  suctorious  cavities, 
and  with  a  circle  of  booklets,  or  with  four  unarmed  or  uncinated  ten- 
tades.  No  distinct  generative  organs  are  developed  in  the  cystic 
£ntozoa»  and  there  is  good  evidence  that  most,  if  not  all,  are  larvae  of 
a  higher  order. 

The  anatomy  of  the  Entosoa  is  so  distinct  in  each  of  these  orders 
that  I  shall  describe  it  successively  in  a  few  typical  species,  selecting 
more  especially  for  demonstration  those  which  infest  the  human  body ; 
and  which  chiefly  concern  the  medical  practitioner. 

In  this  cat^ory  the  common  pathological  product  called  hydatid,  and 
'*  Acephalocyst"  by  Laennec,  is  by  many  received,  and  ought  not,  per- 
haps, in  this  place  to  be  omitted.  The  acephalocyst  (^.  23, 6.)  consists 

of  a  sub-globular  or  oval  vesicle  filled 
with  fluid.  Sometimes  suspended  freely 
in  the  fluid  of  a  cyst  of  the  surrounding 
condensed  cellular  tissue  (a);  some- 
times attached  to  such  a  cyst;  deve- 
loping smaller  acephalocysts(c),  which 
are  discharged  from  the  outer  or  the 
inner  surface  of  the  parent  cyst. 
These  acephalocysts  vary  from  the 
size  of  a  pea  to  that  of  a  child's  head.  In  the  larger  ones  the  wall  of 
the  cyst  has  a  distinctiy  laminated  texture.  They  are  of  a  pearly 
whiteness,  without  fibrous  structure,  elastic,  spurting  out  their  fiuid 
when  punctured.  Their  tissue  is  composed  chiefiy  of  a  substance 
closely  analogous  to  albumen,  but  difiering  by  its  solubility  in  hydro- 
chloric acid;  and  also  of  another  peculiar  substance  analogous  to 
mucus.*  The  fluid  of  the  acephalocyst  contains  a  small  quantity  of 
albumen  with  some  salts,  including  muriate  of  soda,  and  a  large  pro- 
portion of  gelatin. 

The  tunic  of  the  acephalocyst  is  usually  studded  with  more  or  less 
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nertnis  an^l  minnto  globules  of  a  clear  substance  (c),  analogous  to 

.     <•  iivnlrno.'*  wIhim  remarkable  properties  in  reproductive  cells*  Dr. 

rtarr\  hss  <f^>ii^miitrated*,  and  from  which  the  young  acephalocjsts 

^^^^}{^H>^-    No  contractile  property,  save  that  of  ordinary  elas- 

.  .^  f,fi«  |HH?n  observed  in  the  coats  of  the  acephalocyst ;  no  other 

'^{^fYiMi  Chan  that  above  described  ;  no  other  function  than  that 

cf  n!ii»f«^^^<**^^'"  ^^  ^^  surrounding  fluid  by  the  general  surface,  and 

fhr  ^tvl««pinont  of  new  cells  from  the  nuclei  of  hyaline.    It  stands 

^  4|  <\\\\  hiwcr  step  in  the  series  of  organic  structure  than  the  /Vo- 

^^vwt  «»t'  the  vegetable  kingdom ;  for  spontaneous  fission  has  not  been 

o'bct^-trtl  in  any  acephalocyst ;  and  it  ought,  therefore,  to  be  regarded 

^•^i^vM'  MM  an  abnormal  organic  cell,  than  as  a  species  of  animal,  even 

^  \\\p  nimplest  kind. 

Vt>t  these  productions  have  not  escaped  the  ingenuity  and  dis- 
V«^4miitntivo  powers  of  the  classifier.  Of  the  numerous  species, 
^^iiitiiml  or  real,  which  are  to  be  found  in  the  works  of  naturalists 
Hud  pathologists,  I  shall  notice  only  a  few:  —  1st,  the  Acephalocystis 
^mtttf/ena  of  Kuhn,  likewise  called  socialise  vel  prcltfera,  by  Cru- 
visithiur:  the  "Pill-box  Hydatid"  of  Hunter.  It  is  the  kind  moat 
HHiitiionly  developed  in  the  human  subject^  and  in  which  the  fissi- 
|iMtH)us  process  takes  place  usually  from  the  internal  surface  of  the 
|mri!nt  cyst,  the  progeny  being  sometimes  successively  included: 
mill,  2dly,  the  Acephalocystis  exogena  of  Kuhn,  eremita  vel  siertiiSf 
Iff  Cruvcilhier,  which  developes  its  progeny  generally  from  the  ex- 
litrnul  surface,  and  is  found  in  the  ox  and  other  domestic  animals. 

Mr.  H.  Goodsir,  who  has  particularly  studied  the  development  of 
the  accphalocysts  t,  has  described  three  species  of  the  genus,  the 
Hpecific  characters  being  derived  from  the  structure  of  the  membrane 
from  which  they  originate,  and  from  the  mode  of  growth  and  structure 
of  the  young. 

In  Acephalocystis  simplex  the  membranes  appear  to  be  more  or 
less  inseparable,  transparent,  and  the  young  vesicles  are  very  few  in 
number. 

In  A.  Monroi  the  V'  germinal  membrane"  is  divided  by  means  of  a 
fibrous  tissue,  into  numerous  compartments,  each  of  which  is  occupied 
by  a  delicate  transparent  vesicle  filled  with  cellular  substance,  of 
which  the  cells  or  division  are  very  large.  Each  of  these  vesicles 
contains  one  or  more  small  dark  bodies  —  the  young  hydatids. 

In  A,  armatus  the  young  arise  from  the  germinal  membrane  of  the 
parent  as  very  distinct  small  separate  vesicles,  which  at  first  are  quite 
transparent,  but  soon  become  opaque  from  the  addition  of  young 
within  them. 
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A  siDaU  transparent  vesicle  jutting  out  from  the  ayrface  of  the 
genninal  membrane  is  the  first  vestige  of  a  young  hydatidj  which 
ffieedilj  becomes  opaque  in  consequence  of  young  cells  growing 
iritltiji  it.  This  vesicle  very  soon  separates,  and  then  becomes  what 
Mr*  Goodsir  terms  a  secondary  hydatid.  The  young  cells  which  were 
I  growing  within  it  before  its  separation  now  also  increase  In  si^e, 
I  aoon  become  parent  cells,  but  do  not  separate  from  the  germinal 
mensbrane  of  their  parent  until  she  escapes  from  the  primitive 
hydatid.  Thus  thcTC  are  four  generations,  the  primitive  hyihitid 
atill  containing  the  three  generations  to  which  she  had  given  birth. 

If  the  primitive  hydatid  is  buried  so  deeply  in  the  tissues  of  the 
ittfeiited  being  as  to  prevent  the  escape  of  the  secondary  hyclatidc«, 
with  their  two  inclosed  series  of  young,  decomposition  ensues,  upon 
which  they  speedily  disappear* 

And  now  some  may  naturally  be  tempted  to  ask,  having  heard  this 
dCACription  of  a  free  and  independent  being,  whose  tissues  are  chemi- 
aRj  proved  to  be  of  an  animal  nature,  imbibing  nonrishment  without 
Tftscular  connexion  with  the  cavity  containing  it,  and  reproducing  its 
kind.  How  is  an  animal  to  be  defined,  if  this  be  not  one?  The 
oswer  that  the  acephalocyst  has  no  mouth,  wouM  not  be  regarded  as 
Vtisfaciory,  af\er  the  recognition  of  the  animality  of  the  astomatous 
Boljgta^ia :  these,  however,  are  locomotive  and  can  propagate  by 
apoiitaiieous  fission.  But,  definitions  apart,  our  business  is  to  discover 
to  what  organic  thing  the  acephalocyst  is  most  similar. 

Alnuist  all  the  animal  tissues  result  from  trnuBformations  of  free 
edls,  which  grow  by  imbibition,  and  which  develope  their  like 
from  their  nucleus  of  hyaline.  It  is  to  these  primitive  or  fun- 
daioental  forms  of  tissue  that  the  acephalocyst  bears  the  closest 
tnalogies  in  physical,  chemical,  and  vital  properties.  When  the 
tnfnflorial  monads  are  compared  to  such  celb,  and  man*s  frame  is 
iaid,  by  a  figure  of  speech,  to  be  raado  up  of  monad?,  the  ana- 
logy is  overstrained,  because  no  mere  organic  cell  has  its  cilia,  its 
stomachs,  its  pulsatile  sac,  &c.  So  also  it  appears  to  me  that  the 
■liAlogy  has  been  equally  overstrained,  which  makes  the  accplialocyst 
a  kind  of  monad,  or  analogous  species  of  animaL  We  may,  with  some 
tnttli,  say  that  the  human  body  is  primarily  composed  or  built  np 
of  hydatids ;  microscopical,  indeed,  and  which,  under  natural  and 
liieakliy  conditions,  are  me tamorp hosted  into  cartilage,  bone,  nerve, 
miHeiiUr  fibre,  &c.  When,  instead  of  such  change,  the  organic  cells 
grow  to  dimensions  which  make  them  recognisiible  to  tlie  naked  eye, 
midi  development  of  acephalocysts,  as  they  are  then  called,  is  com- 
monly connected  in  the  human  subject  with  an  enfeeblement  of  the 
controlUng  plastic  force,  which,  at  some  of  the  weaker  points  of  the 
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frame,  seems  unable  to  direct  the  metamorphosb  of  the  primitiye  cells 
along  the  right  road  to  the  tissues  they  were  destined  to  form,  but 
causes  them  to  retain,  as  it  were,  their  embryo  condition,  and  to 
grow  by  the  imbibition  of  the  surrounding  fluid,  and  thus  become  the 
means  of  injuriously  affecting  or  destroying  the  tissues  which  they 
should  have  supported  and  repaired.  I  r^ard  the  different  acepha- 
locysts,  therefore,  as  merely  so  many  forms  or  species  of  morbid  or 
dropsical  cells. 

The  conclusion  to  which'  the  known  phenomena  of  the  parasitic 
gregarins  lead  is  a  different  one ;  and  to  this  much-mooted  questicm 
I  next  pass. 

In  1826,  M.  L6on  Dufour*  described  and  figured  some  minute 
entoEOoids,  of  very  simple  form  and  structure,  which  he  discovered  in 
the  alimentary  canal  of  several  species  of  Coleoptera. 

Subsequently,  detecting  them  in  great  abundance  in  the  chylific 
stomach  of  the  earwig  in  the  month  of  August,  the  same  distinguished 
entomologist  communicate  a  particular  description  of  them  to  the 
'Annales  des  Sciences  Naturelles,"  1828 1«  propoong  the  name 
Gregtxrina  for  the  genus ;  and  he  gives  three  figures  of  the  species, 
under  the  name  of  Gregarina  ovalis.  It  is  half  a  line  in  length. 
One  individual  is  characterised  as  having  a  spherical  anterior  seg- 
ment. In  a  second  this  appears  to  have  been  lost,  and  is  said  to  be 
replaced  by  a  sort  of  skull-cap  (calotte).  The  third,' besides  the 
constriction  defining  the  anterior  sphere,  shows  another  constriction 
equally  bisecting  the  trunk.  Of  this  latter  specimen  Dufour  re- 
marks :  —  *'  Deux  individus  fix^  bout  h  bout  on  t£te  k  queue,  peut- 
Stre  accouples:" — but  either  in  the  act  of  conjugation  or  of  sponta- 
neous fission.  M.  Dufour  could  detect  nothing  in  the  interior  of 
these  parasites  except  "  des  corpuscules  arrondies."  They  were  ob- 
served to  vomit  these  **  corpuscles  **  by  the  anterior  end  (probably 
afler  the  fission). 

Siebold,  in  1887,  not  succeeding  in  observing  any  signs  of  volun- 
tary movement  in  the  Gregarina^  rejected  them  at  first  from  the 
kingdom  of  completely-formed  animals,  and  supposed  them  to  be  eggs 
of  insects.  X  Returning  to  the  investigation,  he  soon,  however,  re- 
nounced his  first  opinion,  and  retained  the  genus^  as  unique  and 
exceptional  in  its  nature  amongst  the  Entozoa.  He  observed,  in 
some,  a  feeble  contraction  of  the  body,  producing  a  vermiform  figure. 
They  consist  of  a  very  firm,  smooth,  completely-closed  skin,  which  ia 
highly  elastic,  and  includes  a  milk-white,  minutely  granular  maaa, 
imbedded  in  which  there  is  a  clear  cell,  including  smaller  cells. 
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UsiuJljr  only  two  ioilmduals  were  seen  to  be  attaeBed  to  oue  anotber. 
"  Aucb  sah  ich  gewobnlich  nur  zi€ei  individuen  aneinaoder  kleben.* 

Dttfoiir  had  conjectured,  that  the  genua  Gregarina  might  belong 
III  the  Trematoda,  Siebold,  with  better  judgment,  refers  the  genua 
to  the  order  Cystica.  He  describes  several  species;  and  figures 
t  ia  the  state  of  either  conjugation  or  of  spontaneous  traDsvcrse 
he  describes  this  as  two  complete  individuals  sticking  toge- 
ther. Each  shows  the  central  multinucleate  cell.  Schleiden  f  has 
Tiewed  these  Gr^garinse  as  essentially  a  single  organic  cell,  and 
wo-uld  refer  tbem  to  the  lowest  group  of  plants*  And  here,  indeed* 
we  haTe  a  good  instance  of  the  essential  unity  of  the  organic  division 
of  matter.  It  is  only  the  power  of  self- con  traction  of  tissue,  and  its 
aolubility  in  acetic  acid,  which  turn  the  scale  in  favour  of  the  ani- 
malitj  of  the  Gr^arime;  they  have  no  mouth  and  no  stomach,  which 
Itare  commonly  been  deemed  the  most  constant  organic  characteristics 
of  an  animal. 

Henle  |  and  others  have  questioned  the  title  of  the  Gregarina  to 
be  regarded  as  an  organic  species  or  individual  at  all,  or  as  any 
ihmg  more  than  a  monstrous  cell :  thus  applying  to  it  my  idea 
propotuided  in  1843  of  the  true  nature  of  the  acephalocyst. 

In  1848  KolUker  §  published  an  elaborate  memoir  on  the  genua, 
in  which  good  and  sufficient  grounds  are  given  for  concluding 
thai  the  Gregarina  not  merely  resembles,  but  actually  is  an  ani- 
being;  it  stands  on  the  lowest  step  of  the  animal  series, 
[  with  that  of  the  single-celled  species  of  the  vegetable  king^ 
The  Gregarina  consists,  as  Schleiden  and  others  have  well 
•hown,  of  a  celi-membrane,  of  the  fluid  and  granular  contents  of  the 
cell,  and  of  the  nucleus  with  (occasional)  nucleoli*  The  nucleus  is 
the  hardest  part,  resisting  pressure  longest,  like  that  of  the  Polygas- 
IrinD*  It  divides,  and  its  division  is  followed  by  spontaneous  Es* 
flioo^  Sometimes  the  establishment  of  the  two  centres  of  assimila* 
tive  force  separates  the  cell-contenta  into  two  groups,  without  the 
ooncoDiitant  division  of  the  cell- wall ;  but  an  inner  partition- wall  is 
developed.  Stein  believes  that  this  is  the  result  of  the  conjugation  of 
two  individuals.  However  this  may  be,  another  mode  of  propagation 
ia  then  set  up ;  the  granules  of  the  divided  cell-contents,  as  if  im- 
pregnated, develope  cells,  divide  and  subdivide,  and  are  ultimately 
retolved  into  embryos  having  the  form  of  Navicellse  ;  but  without  the 
I  tfOleeoos  shelL  Kolliker  is  of  opinion,  from  the  frequent  co-existence 
of  lliefe  pteudo-naviceUar  capsules  with  the  ordinary  Gregarinae  and 
the  identity  of  stmctore  of  the  capsules,  prior  to  the  development 
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r    U(-    r^TX/U'j'-ixnv  11^211:    uis:  mi^  i- ob- BOd*   oi  proniCTrinp  oTiifte 

BC"  i*t^:    •**•£:. 

Tit  nn.  Ducieu- c  ti*  \.-«rssiirxiiu  SBBwerf  i(<  tiw  of  the  Pdh^sw- 
tna.. .  U!-  c-J-gymnrac-  t  li:-  !uiuK:l  musumaxi.  and  tfac"  j 
mnicni-  i  lis  mar— ?T»^:uai»*.  eckr  whxci  Hurrmun]  the 
Tit-  \rr«*cnn.  mn-  c^  r^rsrae..  a'  :  Dsnam;  Moud.  sad  "die  nat 
flinii»i-  r  Ui-  nmni:.  nnrraai:.  lidzfi«rr?Tan  toe  sii^if-eeDfid  pbaft 
tr  lih  roznxsciirr  c  ii  ussn-. .  ani  ID'  «oafauirr  at'  zcf  bbB-«b1  hj 
nvctr  av.'i^ 

'.  i»^*x    rrtxrt^.*    i    rnx^iir*  zu   ixncnui  ruaaaxsh  viiicL  pment  the 
enarangr-  a^^iriitr    rr  l^uuuinL  t    ni-  ^'▼sn;  ^jmaxau. 

Ti!-.  iiiii;-  i.rAfWf»cfv.-w  liA-  itee:  riTci  i«  ;.  rvsr  Teaeniilnis  ike 
«cy*niuai«~v^.  i:  u*-  utwt*i:r-  c  an^  exieni&:  oismniaed  iimendiee, 
tia:  difitTmr  u  :u-  frrumrr  r  tii-  mimmaB:  iinpc  or  ^^memfannt 
invnirii*  ir:.i:i:  ir  rc^  lli:  en.  pamian-  marn-  mininie  cfcer  caka- 
lvtnl^  romu*^urr  ir:.:rj  .^  ui-  fiTrruicBZicH  o:  i.  weak  acid,  fibenie 
buuiih^r  a  r::-  azn  .Lsr.rTni^:  Tir  atbe*  tusnee-  of  tiiift.  ^vio^ 
■houiL  I-.  clIi'.  4  ur.  •■  f  ■:  j-rrjotMwwiTvs: '  codsib;.  as-  ic  tfct  aoe}Uk>- 
rvjr.  o:  :\yarui^u>^  ulMnnrz.  utt  rrrndiKr  iirofaabh'  of  thr  adi^eati- 
^lolI^  rys;  ii:  uk  crni  n  ^niru  tiit  eehmnmtiBupisM  is>  xmbeddbd. 
Fran,  uit  inii-.^nui9fr  tr  vrrcn^^  tiwoi*  o'  -att  ecbimiRDoeocTai 
pTrniriL  nud?  ir-i"*ma-.  n  wniri  im  d^^vetarwd  oaf  or  men : 
▼tsiriuar  irrroii^siUN  iir.rinr  i  xKsai   amm:  witi   l  circk  of  iDCve  or 

TlifSf  TC".»>tr"T  T*:'rr:-?-'ir  iir  ^'onur  £ri»f»/ir»rritt.  Af  ibor  de- 
rei.iraDt^xi  aiviiii^..^  Ti-r^r  nir^nvD-'^st*  i*??!!!!!!  ppdnnriilatei,  and 
final^T  ^urss  .c  :ir:u*k  nf.  Uinr-stinr  lii:  nrraniam?  v-hi?iitbe&  float,  or 
f«*e}T  f^isi.  :t  iiK  iiii'-i-ulMmininuf  f  uid  n:  liif  juirem-cT*.*  Hie 
tis<^at  x"  iL*  •rnjt  :«;'iiiiK>:'ti:*?>  if  i.irL:j  rtinrTinik.  uni  ike  undnated 
bead  ctn  tt  Ti'zrAnz'i  v:iidi  iLi  stvirr  ;c  liif  li£»^. 

In  the  £rliff.-*ri»rri.t  rfjr-;if /»-?»..  uit  jcrieraftf  whick  infestB  the 
comzDon  di^mt^:  Luinitls.  iLt  iin^  stij*:*^.  ?*:  rsTran*^  offer  a  reseni- 
blance  to  tit  cjl-Daer  a:  te-.*tL.  *L):-i  diLrartsrises  the  Atfamla 
r^l^-  14.^  and  ma^r  o-ibrr  ParrasiriL.  The  tiwoe  cif  the  bod|y  pre- 
senu  a  number  of  riear  cr&l  wll*  «•  spaoe*.  On  examining  the  flnid 
of  an  ecLinococo>r]rft  fr:*m  the  abdomen  c«f  a  rec^ntlr-kined  sow,  I 
•aw  the  joong  echinocora  Ec-oiing  freehr  aboat  in  it :  the  anterior  end 
fjf  thrj  bodj  presented  a  trilobate  depression  prodnced  bj  the  xctraction 
of  till;  uncinatod  head,  and  at  the  opposite  end  there  waa,  in  some,  a 
•mall   orjfic^f,  «« fpom  which  a  granular   and  glairy  substance  was 
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oecaaioiially  discharged.*' •  The  echinococci  from  a  small  miisk- 
de^  (  Tra^ulut)  closely  resemble  those  of  the  hog.  Each  tooth  or 
Bptne  presents  an  elongated  tHangular  form,  a  small  process  extending 
from  the  middle  of  its  outer  margin^  probably  for  the  attacliment  of  the 
protractor  fibres. 

The  Echinococci  of  the  human  subject  (fig*  24.),  which  have  been 
accurately  described  by  Professor  Miiller  in  a  case  where 
they  were  developed  in  the  urinary  bladder,  and  which 
have  been  carefully  figured  by  Mr.  Quekett  in  a  case  ob- 
lerved  by  Mr.  Curling,  where  they  were  developed  in  the 
liver,  present  well  developed  suctorious  cavities  (&),  external 
to  the  circle  of  teeth  (a),  and  thus  closely  resembling  the  head  of  a 
TaBttia*  appended  to  a  small  cyst. 

The  hydatid  developed  in  the  subetanre  of  the  brain  of  sheep  «nd 
rabbity  called  Cetnurui  cerebralis,  consists  of  a  large  cyst,  with  which 
mwof  heada,  like  those  of  the  Taeniae,  are  in  organic  connection. 
Tbde  can  be  retracted  within,  or  protruded  without,  the  comnion 

Our  present  Itnow ledge  of  the  generation  of  the  Catiurus  is  liniittMl 
to  one  of  the  alternating  modes,  viz.,  the  gemmation  of  the  armed  and 
aoeiorioas  vermiculi.  The  common  or  parent  cyst  is  composed  of  two 
layers  of  substance, — the  external  one  fibrous,  or  striuted,  in  ditiTerent 
directions ;  the  internal  of  a  delicate  pulpy  texture,  locally  thickeoed, 
and  studded  with  minute  clear  cells^  The  gemmation  of  the  vermiculi 
is  not  a  process  of  continuous  growth  from  tlie  tunics  of  the  parent  cyst, 
bui  commences  from  an  independent  cell,  situated  between  the  layers, 
like  tlie  commencement  of  the  bud  from  the  hydra.  Mr.  Goodsirf  has 
ftgored  the  progressive  mtiltiplication  of  cells  from  the  primary  one, 
doiely  analogous  to  the  mode  of  establishment  of  the  germ*mass  from 
tbaprimary-impregTiated  germ-cell  in  the  ovum,  until  the  cellular  basis  of 
016  vennicule  Is  established  :  it  then  pushes  out  before  it  the  external 
llbroQS  layer  of  the  mother-sac ;  and  the  organisation  of  the  liead  is 
cmspletod  by  the  metamorphosis  of  the  pre-developed  cells.  At  this 
point,  however,  the  generation  by  gemmation  is  arrested ;  the  young 
individual  is  not  cast  off  like  the  young  Eclunococcus  or  Hydra ;  ita 
base  continues  in  organic  connection  with  the  parent  stock,  and  thus 
a  eocnpound  animal,  or  aggregate  of  vermiculi  resuhs,  analogous  to  the 
cooipound  polypes,  or  as  regards  the  general  form  of  the  community, 
to  the  Volvos  globator. 


*  LX.  pw  1 1&  Mr.  EnaimiB  Wilioa  has  noticed  a  fimiljir  fact  in  the  Echitiococeu* 
UCL  p.  36.  pi,  t .  6g.  8.    ^  Some  of  tbc  granular  contents  of  the  animal 
lovii^  the  apertnre  leA  h^  the  torn  peduncle.'* 
t  mj.  p.  5e5.  pi  rri. 
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The  genus  Cysticercus  is  characterised  by  having  only  a  single 
25  uncinated  and  suctorial  head,  connected  by  a  neck  or  body, 
sometimes  annulated,  and  of  greater  or  less  length,  with  the 
terminal  cyst  Of  this  genus  one  species,  CysHcercus  cellu- 
lo8(E  (^fig.  25.),  is  occasionally  developed  in  the  human  sub- 
ject. It  has  been  met  with  in  the  eye,  the  brain,  the  sub- 
cvitk!«rc  ®^*"^  ^^  *^®  heart,  and  the  voluntary  muscles  of  the  body. 
odiuioM.  The  peculiar  inflammation  which  it  excites  leads  to  the  form- 
ation of  a  condensed  bag  of  cellular  tissue  around  it»  which,  in  the 
muscular  tissue,  lengthens  in  the  direction  of  the  fibres,  and  so  im- 
presses an  oval  form  upon  the  Cysticercus :  but  this  form  does  not 
characterise  the  specimens  developed  in  the  softer  tissue  of  the  brain 
or  liver.  The  Cysiicercus  cellulosa  is  generally  about  half  an  inch 
in  length. 

The  most  conmion  hydatid  in  the  ox  and  other  ruminants,  is  a 
large  species  of  the  present  genus,  called  Cysiicercus  ienuicottis, 
which  has  been  found  weighing  25  drachms  and  containing  3  os. 
of  fluid.  In  these  much-expanded  CysHcerci  muscular  fibres  are 
developed  in  different  directions  in  the  substance  of  the  cyst,  and 
produce  lively  contractions.  The  clear  calcareous  corpuscles  which 
in  Ccenurus  and  Eckinococcus  are  scattered  through  the  walls  of  the 
cyst  immediately  under  the  skin,  in  the  Cysiicercus  are  exclusively 
aggr^ated  in  the  undistended  part  of  the  animal  called  the  ''  neck." 
In  the  progress  of  the  accumulation  of  the  fluid  in  the  main  body, 
shreds  of  the  tissue  get  occasionally  detached  from  the  inner  surface 
of  the  dropsical  cyst,  and  are  occasionally  seen  hanging  from  the 
base  of  the  neck  and  floating  in  the  fluid.*  In  the  oral  circle  of 
spines,  these  are  arranged  in  a  double  row  alternately  long  and  short, 
and  from  twenty  to  thirty  in  number.  The  four  suckers  are  im- 
perforate. This  well-armed  head  may  serve  to  irritate  the  interior 
of  the  adventitious  cyst  and  excite  the  secretion  on  which  the  pa- 
rasite subsists-t  All  the  CysHcerci  manifest  their  affinity  with  the 
Cesioidea  by  the  organisation  of  their  head,  and  this  is  more  strikingly 
illustrated  by  the  length  and  segmentation  of  the  body,  with  the 
comparatively  small  size  of  the  cysts,  in  the  Cysiicercus  fascioiariM, 
which  is  commonly  found  encysted  in  the  liver  of  the  rat  and  mouse. 
The  question  of  the  larval  relation  of  all  the  above-described  cystic 
entozoa  to  the  Cesioidea  will  be  entered  upon  after  a  description  of 
the  latter,  to  which  I  shall  next  proceed  :  limiting  myself  chiefly,  in 
regard  to  the  organisation  of  the  Tapeworms,  to  the  two  species 
which  infest  the  human  intestines ;  namely,  the   T€Bnia  solium  and. 

•  LXn.  p.  205.  t  I-XI.  p.  183. 
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tiie  Boihrhcephahts  IuIhb^  and  which  may  be  regarded  as  tbe  types 
^  of  the  two  leading  genera  of  tbe  oi^er  Cestoidea, 

The  Taenia  solium  is  that  which  is  most  likely  to  fall 
under  the  notice  of  the  British  medical  practitioner  It 
is  the  oonuDon  species  of  tapeworm  developed  in  the  in- 
testines of  the  natives  of  Great  Britain ;  and  it  is  almost 
equally  peculiar  to  the  Dutch  and  Germans,  Tlie  Swiss 
and  Russians  are  as  exclusively  infested  by  the  Bothrio- 
cephalus  laius.  In  the  city  of  Dantzig^  it  has  been  re- 
marked^  that  only  tbe  Twniu  solium  occui-s;  while  at 
Konigsberg,  which  borders  uiion  Eussia,  the  Bothrio- 
eepkalus  lahis  prevails.  The  inhabitants  of  the  French 
provinces  adjoining  Switzerland  are  occasionally  infested 
with  both  kinds  of  tapeworm.  The  natives  of  north  Abys- 
sinia are  very  subject  to  the  Tamm  mlium^  as  are  also  the 
Hottentots  of  South  Africa*  Such  facts  as  to  the  prevalent 
species  of  tapeworm  in  different  parts  of  the  world,  if 
duly  collected  by  medical  travellers,  would  form  a  body  of 
evidence  not  only  of  elminthological  but  of  ethnological 
interest.  In  the  Bothriocephalus  latus  of  some  parts  of 
central  Eurofje  and  of  Switzerland  we  may  perceive  an 
indication  of  the  course  of  tho^e  north-eastern  hordes  which 
mSl  tSau  ^t^^"^**^*^  **>  ^^^  subversion  of  the  Roman  Empire  ;  and 
■*"™  the  Tttnia  solium  affords  perhaps  analogous  evidence  of 
tiie  itroani  of  population  from  the  sources  of  the  Nile  southward 
to  the  Cape, 

The  TVriua  solium  attains  the  length  of  ten  feet  and  upwards :  it 
has  been  observed  to  extend  from  the  pylorus  to  within  seven  inches 
of  the  aoQ^.  Its  breadth  varies  from  one  fourth  of  a  line  at  its  an- 
terior part  i^fig*  26,)*  to  three  or  four  lines  towards  the 
?7      posterior  part  of  the  body^  which  then  again  diminishes. 

The  head  is  small,  and  generally  beroispherical,  broader 

than  long.  It  commences  by  a  central  rostellum,  which 
is  surrounded  by  a  double  circle  of  small  recurved 
hooks  {Jty*  27,  a),  occasionally  shed  in  old  individuals. 
B^ind  these  are  four  suctorious  cavities  {^g^  27 1  ^), 
by  which  the  head  is  firmly  attached  to  the  intestinal 
membrane.  The  anterior  segments  are  feebly  repre- 
sented by  transverse  ruga*;  the  succeeding  ones  are 
sttbquadrate,  and  as  broad  as  long.  They  then  become 
ibfy  longer,  narrower  anteriorly,  thicker  and  broader  at  the  pos- 
nmrgin,  which  slightly  overlaps  the  succeeding  joint.  Tlie 
of  segments  are  sometimes  twice  or  three  times  as  long 
w  s 


.p-ou.  rcDortioiis  -miMi:!  x?  tbt^  jEmsaerfsd.  in  cae 
HusaLixi  ixse^rrrs.  2az  Zis  nmt  iunncninL  lenr^wn 
Ziz  3ttinr*'t^sinuuM  iomm  jiu.  -fie  raua  niiuatL  ia 
a  He  oaci^a  E  ze  j?!ief2iiT?  >rnu£&  "rTirh,  in.  di« 
."c«7uu  'xiMim.  X?  locer!  urST  'ce  suiixie  jf  ine  or 
=.'7    nurziza    I     tAi2.     ^uuL.  JUL  jc*  inrnuly   liter^ASe 

;tHrr.u^.     Its    ?^2l::';ii    -^Ar-    ^ls*    -r-:.:LL-.-  -nais-   n.    ir  Jtar.    the 

.*'-iuuLio>L>  II  c^i^  rpv^'**'^'  Ui.'tiuici  i^'r  '!«rr  TapsuirjTms.  Tbe  Biode 
ji\viitiuvuv^uivM(  J I   :ii>  >T><v>n  ".    -unus-  u^pcsrs  "u  'jxvt  bieeii  best 

ta^>*«v*r!u  T(/.  io.  «  ks  .vkniztt:vK-:i:;  'v*  i  rurraiur  •anni  mmnd  the 
o^«::»^  s*f  r  re  .va«;t  .•  %Siva  ::v  ;::va;in-i  ir:i2i2d(rl£»  »  retracted. 
Kowir  *.oi'^-,^i.!- .\t.  •*■,>«<>  1.^  '.ti'-it-i  z*  m  zu*  iLZ'^iii;.  which  bi- 
luxvASc  osi  Art'.*-.  "^  t.  .'-iv  I    'I    ::v    '  iir  ?ui:!t*r?  iani  :r^mcise  below 

of  I  ho  Kv5\  ^H^'.  ,-;\  :^  .  V'l'^t-  -i'.-a..:  i  i-Jior  .-H:u:cri«as  liqind, 
\\\\\\  mi»  iv;i«tu\  Mv.'t  "t  >o.'v    Vi'-i  .e  ?u -^^i-rrfi  "i:  2&:oer:ixe  pressure. 

Tlila    IU*»\U»  **t'   »U\V'V.;i,  ..iT      ^    ?»;'.T:jr    \liXJ.    ZJLi:   IJ  iz-rt^ttOD,    the   Sft- 

I 111  III  oMi'ui  ot  w  I".o  '  hM'>  V  ,v  i-'in^r"-:  77  zjsclii:':  -btlII*  of  the  spaces 
111  til  \\lnoN  w  «!A\  X-  s*-v;-  Vi'f  r-L':?-r:i:>j»e  rLZ;&l«  which  connect 
llin  liMi^iu^Uusil  \^5v*  v.*.  :"'■,'  Tjc^ur  j«.v«i.iK  ITS  srzaTei  near  the  pos- 
tiMliir  iimrt;iii  ot'  ^NAoh  iK-^r.-^ri.  N:  ;-:j«fT  *tji^cs  c«  Tessds  can  be 
iliil  1*1*1  imI  ill  »\sv\u  r.v:'.:,r  #cr*,'.:v.--.<k«i  ■."•  ;,*•?  w-ij  rvcC'mmended.  The 
liiiiHlhitlini)!  luiinoni  o.'^va'^  >>ft^/  r>.'  .vc:.zizr.:.';fcsca  with  the  margiDal 
|iiiriid  i  tliov  iHiutiliv  cms;  t:\  :>.\*(K'  Ccjc«*>^z:-a  wLich  have  no  marffiDal 
|Mfii>ti.  iiiiil  ilio  iiuti'ituoni  iv.Av  Iv  nx>f;T^i  br  cutaneous  absorption, 

'J 'J Id  IImuo  or  tho  Tivni^  in  which  ihe  alimentary  canals  are  im- 
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bedded  is  beset  with  numerous  minute  nucleated  cells.  These,  doubt- 
lesSy  take  an  important  share,  by  their  assimilative  and  reproductive 
powers^  in  the  general  nutrition  of  the  body.  The  subcutaneous 
tissue  is  also  characterised  by  the  minute,  clear  and  colourless  cal- 
careous bodies  which  are  common  in  the  cystic  entozoa.  There  are 
also  globules  of  oiL 

The  TsenisB  are  androg3mous,  and  each  joint  contains  a  compli- 
cated male  and  female  apparatus  equal  to  the  production  of  thousands 
of  Impregnated  ova.  The  ova  are  developed  in  a  large,  branched 
OTarium  {fig*  28,  c\  occupying  almost  the  whole  space  included  by 
the  nutrient  canals,  at  least  in  the  posterior  segments,  where  it  is 
Tery  conspicuous  from  the  amber  colour  of  the  more  mature  ova. 
The  oviduct  is  continued  from  near  the  middle  of  the  dendritic  ovary 
to  the  marginal  papilla,  where  it  terminates  by  a  small  orifice,  some- 
times produced  into  a  vulva,  posterior  to  the  pore  of  the  male  organs. 
The  parts  of  the  male  apparatus  which  have  at  present  been  recog- 
nised consist  of  a  small  pyriform  vesicle  i^fig*  28,  h\  situated  near 
the  middle  of  the  posterior  margin  of  the  segment ;  this,  however,  is 
most  probably  only  a  seminal  vesicle,  and  not  the  testis.  The  vas 
deferens  is  continued  from  the  vesicle  with  slight  undulations,  to  the 
middle  of  the  segment,  where  it  bends  upon  itself  at  a  right  angle, 
and  terminates  at  the  generative  pore  (^fig.  28,  a),  from  which  the 
UmmucuM^  or  rudimental  penis,  projects.  The  ova  may  be  fecundated 
by  intromission  of  the  lemniscus  into  the  vulva  before  they  escape. 

The  segments  containing  the  mature  ova  are  most  commonly 
detached  and  separately  expelled.  The  development  and  metamor- 
phoses of  the  embryo  TasnieB  have  not  yet  been  completely  traced  out. 
But  much  has  recently  been  done,  especially  by  the  sharp-sighted 
and  clear-minded  Siebold,  to  whose  most  valuable  observations  on 
this  subject  we  shall  return,  after  the  description  of  the  generative 
organs  in  the  Bothriocephalus  lahM. 

For  a  knowledge  of  the  minute  anatomy  of  this  species  of  human 
ti^ieworm  {figs.  29,  and  30),  we  are  indebted  to  the  admirable  skill 
and  patience  of  Professor  Eschricht,  of  Copenhagen,  whose  work* 
on  the  subject  has  received  the  prize  of  the  Academy  of  Sciences, 
at  Berlin.  His  observations  were  made  on  a  specimen  of  the  worm 
which,  after  various  remedies,  was  dislodged  from  one  of  his  patients.^ 

•  LXTV. 

t  In  Denmark,  as  in  Holland,  the  Tcenia  solium  is  the  common  tapeworm ;  but 
the  case  in  question  occurred  in  a  female  aged  twenty-three,  bom  at  St  Petersburg, 
of  Russian  parents,  who  had  spent  ahnost  all  her  childhood  and  youth  at  Copen- 
hagen, with,  however,  occasional  sojourns  of  three  or  four  months'  duration  in 
Russia.     The  usual  symptoms  of  tapeworm,  with  occasional  ejection  of  fragments 
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ixIucQ    AKce   jfc!!u.    iii   «iairim9tt  'ixe,  MiueKa  of  these 

vrffJkaims  Yixhmca^  iru^    umiiitf    21    zLsiKn     x  swaaaB^  analogi- 

iKVurrvil  la  '.5<3-k  Sic  itui  itdv  i:&«Lr*L*L  <?ix»£  m\i  »aif  jxiiiLTEun*  cf  a  vcaUj 
otiiMitttCfiv'o.     r*ir*w.  M   AOL  ^■■.'»r.    u    i  nrn^uuxM  Ttd  rasbr -jiL  jad  OKC  nme 

tiou  ol'ihv*  U.>«  •?r%.>i*v.:w.  '«^»c*i  7r«;:ur«i  "p*  j'ft*-'.  -adi  -zme  Trm  Tw^Ny  to  f  eutj 
fiHi  of  (ho  wvrr.  ^vrs:  JV^V**:.  '^^  'v*Th«'itf  '211  ivuL  ti  ae  fpra;;  «f  1835  ihe 
wiw  imliu'^^1  ^*  ny  s  "^aiv*:^  .-ailfri  "*  5*.vxxm»it  ♦  rxr*."  -vairA  o:aaiii  of  Mnmg 
«H»trw\  urn!  »*l5  v*ct»9j:  .  «a  :i  ^1*  vJi-w.-i  3f  ui*  csauMtza  «  a  piece  of  tlie 
worm  nu'itfunn^  ^tr  T^fcrix  stiil  ■••dicui  ^ur  xiniii.  jite  ann  pfti»i  a  tibi  to  Felen- 
liiiiV.  mul  thorv  i>*rtvNi  '•ci  vur  ;r  -f-.'  ^lecs*  :c  iiii  a^v.xiL  iitdiHiiiiiii^  fipom  two 
fo  lour  iVvl  ui  Uvxj:t\  $^c  Tvcxr-v:  v  C^^iikr:^  ji  »f  wvaer  of  183S,  still 
niiirninn  iV>mu  her  ivr,:njjs>'c*  Tdrwav:.  vTjbc.t  :*:  *=  i  nrr^ESs*  w«pe  agmin  ad- 
iiiliii«loml  on  tho  .'«i>l  o«  IVxrxxr.  sri  rcx-ir:'-:  u^  i>vo.c  of  iwo  piece*  of  the 
fii|»rwiiriii.  inoiwwrinc  ivyvtS-T  :»v>^:  >.>:«  -.t  !»irir*.  >«:  ^-jb.xi  the  head.  Eighteen 
ftiiyn  iinrrwiiriK  Nowrttr*  iv:w\'.». ^iLxit  .vr:*»c*  ot  «  rcvnuaboa  of  fieni  seed,  was 
rfMriifil  lii,  whi'ixMiiHm  tho  nrmAxr.t*.*^  tat:  %-c  •J>f  w:r=.  r^enir  ftei  in  length,  with 
f»M'  link  iiikI  hiwl.  oAi«o***v.  *su;  *'.:  ;Se*]r2i?ccooi"ibemaladT  disi4)penied, 
„t,'\  hfi'l  ii"i  ntiiriuMl  in  IS.»S,  *thc:;  ■.^.>  *jisra:t->\f  .as*  «-a»  lecoidcd. 
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ealljy  by  an  anterior  snctorioas  mouth,  leading  to  a  gullet,  which 
bifurcates  in  the  neck  to  form  the  two  lon- 
gitudinal canals.  Eachricht  could  not  detect  the 
transverse  anastomosing  canals.  We  shall  be 
justified,  perhaps,  by  the  analogy  of  a  species 
of  Bothriocephalus  from  the  Python*,  in  which 
I  succeeded  in  injecting  with  quicksilver  both 
the  longitudinal  and  transverse  canals,  in  con- 
cluding that  the  anastomosing  channels  are  pre- 
sent at  the  posterior  margins  of  the  segments  in 
the  Bothrioceph€Uu$  of  the  human  species.  Sie- 
bold  states  that  the  annular  vessel  by  which  the  nutrient 
canals  commence  in  the  rostellated  Tania^  is  not  present 
in  the  genus  Bothriocephalus^  nor  in  the  unarmed  Ttjenia 
rosiellaia  and  CaryophylUBUS  mutabiUs :  in  these  tape- 
worms four  longitudinal  vessels  when  they  approach  the 
head  b^n  to  ramify  and  form  there  a  rich  network.  This 
arrangement  is  more  favourable  to  the  idea  of  nutrition 
Bonr.iatM.  |^y  c^taneous  absorption,  than  by  a  hypothetical  mouth 
and  Wnrcating  gullet 

Innumerable  and  very  minute  nucleated  cells  are  apparently  disse- 
minated through  the  tissue  of  the  Bothriocephalus.  Eschricht 
points  out  their  analogy  to  the  blood-celb  in  the  lower  animals,  but 
could  not  perceive  any  ramified  system  of  blood-vessels,  superadded 
to  the  longitudinal  canals. 

At  the  deepest  part  of  each  segment  there  is  a  stratum  of  whitish 
grannies  <nr  glands  (Jig.  32,  a,  o),  composed  of  a  cluster  of  minute 

blind  sacculi,  filled  with  opake  fluid, 
each  group  or  gland  being  sus- 
pended in  a  separate  cell,  the  pedicle 
of  which  is,  without  doubt,  the  duct 
of  the  sacculated  gland  which 
Eschricht  regards  as  a  testis,  and 
estimates  at  400  in  number  at  each 
BoUir.  Utas.  joint     Their  ducts  unite  to  form  a 

networic,  having  the  capsules  of  the  gland  in  the  interspaces.  The 
vas  deferens  (Jig.  32,  b),  is  best  seen  on  the  dorsal  aspect  of  the  joint, 
along  the  middle  of  which  it  runs  in  close  transverse  folds,  pro- 
gressively increasing  in  breadth,  until  it  terminates  in  a  pyriform 
seminal  receptacle  or  "  bursa  penis"  (fig.  32,  c).  From  this  bursa  a 
small   lemniscus  is  protruded    through    the    anterior   of  the    two 
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generatiye  pores,  situated  upon  the  eminence  near  the  middle  of  the 
anterior  part  of  the  ventral  surface  of  the  segment. 

The  ovaria  (Jig^  32,  d)  are  situated  near  the  posterior  margin  of 
the  segment.  Thej  consist  of  two  large  trans verselj  oblong  lobes* 
and  a  smaller  median  annular  portion.  They  are  composed  of  tubes 
in  which  the  small  germinal  and  vitelline  rudiments  of  the  ova  are 
arranged  in  rows.  The  oviducts  terminate  in  a  long  tubular  ntems 
(Jig,  32,  e\  which  is  considerably  wider  than  the  vas  deferens^  and 
advances  forwards,  making  many  transverse  convolutions,  the  two 
last  being  wider  than  the  rest,  and  extending  on  each  side  of  the 
bursa  penis.  The  ducts  of  a  very  complicated  series  of  glands  commu- 
nicate with  the  uterus  before  its  final  termination  at  the  vulva  or  pore^ 
which  is  behind  the  male  opening.  The  glands  just  alluded  to  form 
a  stratum  next  beneath  the  skin  at  the  sides  of  the  joints.  Eschricht 
calculates  that  there  are  1200  of  these  glands  in  each  joint.  In  the 
joints  furthest  from  the  head,  containing  the  mature  ova,  these  glands 
become  filled  with  a  thick  yellow  matter  which  they  pour  into  a 
system  of  ramified  ducts,  which  unite  to  discharge  themselves  in  the 
dilated  part  of  the  uterus.  Their  ofEce  seems  to  be  to  cement  together 
the  ova  in  hard  cylindrical  masses  by  forming  a  crust  around  them,  in 
which  state  they  are  found  in  the  detached  joints.  This  is  the  filvt 
example  we  have  yet  seen  of  nidamental  glands,  which  we  shall  sub- 
sequently find  to  be  a  conspicuous  part  of  the  generative  organs  in 
many  oviparous  Invertebrata. 

From  this  description  it  will  be  seen  that  the  proportions  and 
almost  the  forms  of  the  ovarium  and  testis,  are  reversed  in  the  Bo^ 
thriocephalus  and  Tccnia :  the  positions  of  the  sexual  outlets  are 
unquestionably  very  different  in  the  two  genera.  Both,  however, 
agree  in  presenting  the  most  extensive  development  and  preponder- 
ance of  the  generative  system  that  is  known  in  the  Animal  Kingdom. 
In  fact  there  is  scarcely  space  left  in  the  hinder  joints  of  the  tape- 
worms for  the  organs  of  any  of  the  other  systems. 

The  natural  rate  of  life  of  a  tapeworni,  the  consequences  to  the 
remaining  adherent  part  of  the  repeated  detachment  of  the  ovigerous 
segments,  the  extent  to  which  they  are  detached  and  subsequently 
renewed,  have  not  yet  been,  nor  are  likely  ever  to  be,  the  subjects 
of  direct  observation  in  these  internal  parasites  of  man. 

Some  highly  interesting  facts  have,  however,  been  made  known  by 
the  same  professor,  to  whom  we  are  indebted  for  a  knowledge  of  the 
anatomy  of  the  Bothriocephalus  latusy  in  the  economy  of  another 
species  of  Bothriocephalus  (B,  punctatus)  which  is  extremely 
common  in  the  small  sea-fish  called  Cottus  scorpius. 

During  midsummer  these  tapeworms  are  fully  developed,  and  their 
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segments  are  laden  with  ova.  They  adhere  by  the  fore  part  of  the 
head  to  the  mucous  surfaces  of  the  appendices  pyloricae,  and  cast  off 
the  ovigerous  segments,  sometimes  in  their  whole  length ;  so  that 
headless  tapeworms  are  found  in  the  lower  part  of  the  intestine, 
whilst  a  number  of  heads  without  bodies  may  be  observed  adhering 
to  the  pyloric  appendages  between  other  tapeworms  of  very  different 
lengths.  The  heads  thus  left  behind  generate  a  new  series  of  perfect 
joints  in  the  following  way :  the  joint  next  the  head  is  divided  by  a 
transverse  fissure  into  two,  each  of  which  repeats  the  same  process 
as  soon  as  it  is  somewhat  grown.  Whilst  the  joints  multiply  in  this 
way,  they  continue  to  increase  in  size,  and  so  become  removed  from 
the  head ;  but  at  a  certain  distance  from  the  head,  this  mode  of  sub- 
dividing ceases,  and  the  whole  nutritive  power  is  applied  to  the  de- 
velopment of  the  organs  of  generation.  During  winter  the  Bothrio- 
eepAalus  punciiUus,  still  adhering  firmly  to  the  mucous  surface  of  the 
pyloric  appendages,  grows  to  its  full  length,  the  segments  with 
the  generative  organs  being  formed  ;  but  no  ova  can  be  seen. 
These  b^in  to  appear  at  the  commencement  of  spring  in  the 
posterior  joints,  and  by  degrees  fill  the  uteri  of  all  the  joints,  until 
they  occupy  those  which  are  close  to  the  head,  when  the  separation 
from  the  head  before  described  ensues,  and  this  last-named  member 
is  left  to  repeat  the  important  process.  No  single  joint  of  a  tape- 
worm can  develope  a  head,  and  so  form  a  new  nutrient  individual ; 
the  transverse  fission  relates  only  to  the  dissemination  of  the  fertile 
ova.  But  the  joints,  so  separated,  may  be  regarded  as  '*  generative 
individuals,"  and  those  of  the  Ttsnia  solium  live  and  move  about, 
and  closely  resemble  Distomaia.  They  may  be  seen  in  all  grades 
of  development,  some  as  infants,  others  adolescent,  and  the  terminal 
ones  fully  formed  and  pregnant. 

The  eggs  of  some  Cestoidea  have  a  single  shell  or  tunic,  which 
is  colourless  in  T€enia  Uterata,  T,  Scoledna,  as  well  as  in  the  genera 
CaryophylUeus  and  Truenophorus ;  but  is  of  a  brown  colour  in 
many  species  of  Botkriocephalus.  The  round  eggs  of  Taenia 
amphitrichoj  T.  serrata^  and  T,  bifaria^  and  the  elliptic  eggs  of  T,  an- 
gtdata  and  71  vtUosoj  have  two  colourless  tunics.  In  Bothriocephalus 
probo9cideus  and  Tcmia  porosoy  the  eggs  have  three  colourless 
tunics.  In  Tienia  solium,  the  innermost  of  the  three  tunics  is  thick 
and  becomes  a  yellowish  brown  in  the  ripe  eggs.  In  Tcenia  in- 
fundibuliformis  and  T,  planiceps,  the  outer  tunic  has  two  long 
pointed  processes  on  each  side :  in  T.  cyathiformis  it  is  provided 
with  two  round  vesicular  appendages.  In  Tcenia  injlata,  the  inner- 
most of  the  three  tunics  is  transversely  elliptical,  the  middle  tunic  is 
produced  into  two  long  diverticula,  and  the  outer  tunic  has  two  long 
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Uicrai  Appendages.  The  eggs  of  T,  eueumerina  mnd  71  eraiewi- 
formis  are  collected  in  groups  of  from  ten  to  twenty,  in  a  oonimoo 
gelatinous  nidamcntal  capsule.  In  the  eggs  with  a  single  brown  shdl 
tlic  young  are  liberated  bj  the  fall  of  a  kind  of  lid  from  one  end.* 
In  the  other  eggs  the  tunics  dehisce  irr^ulorlj  to  liberate  the  larra. 

Wide  and  interesting  questions  on  animal  development  are  ooo- 
cfsnied  in  the  solution  of  the  narrower,  but  not  lesa  interesting 
ones,  as  to  how  and  where  the  young  of  the  impregnated  ova  of  tape- 
worms are  developed  ?  In  no  instance  have  they  been  observed  to 
be  excluded  in  the  intestines  of  the  animal  in  which  th^  were 
formed.  The  eggs  are  cast  out  with  the  excrement  into  the  waters 
or  on  the  surface  of  the  earth. 

Development  of  the  cestoid  embryo  begins,  however,  as  soon  as  the 
pro|>er  tunics  of  the  ovum  are  formed,  and  it  is  commonly  far 
advanced  before  the  generative  joints  of  the  parent  are  expelled. 
The  process  has  been  studied  by  Sicbold  in  the  Bothriocepkaiu*  prO' 
boMcifleus,  H,  cratsicoUis  and  B,  infundibuUformU;  in  Ttmia  soUwm, 
and  in  a  score  of  other  species  of  Tania.  In  each  case  the  embdyo, 
presenting  a  rounded  or  oval  shape,  according  to  the  shape  of  the 
egg,  is  chnracterised  by  having  six  spines  or  booklets,  retracted  into 
the  interior  of  the  body :  one  middle  pair  lying  in  the  axia  of  the 
body,  the  other  two  lateral  pairs  diverging  and  directed  outwards. 
The  embryos  wore  found  so  armed  even  in  the  Cestoidea^  which, 
when  mature,  are  devoid  of  hooks  and  form  the  Tieitue  ittermes  of 
liudolphi.  In  the  T,  cyathiformisy  the  two  middle  hooks  are  the 
largest  and  most  bent  In  Tamia  porasoy  one  of  the  oblique  lateral 
hooks  is  very  thick,  the  other  very  slender.  The  young  of  the 
Holhriocephahis  prohoscideus  present  an  ovate  subdepressed  form ; 
and  when  they  ure  two-thirds  of  a  line  in  length,  the  bothria  may  be 
discerne<l  at  the  larger  end.  The  embryo  of  T<Bnia  ocellatOy  when 
half  a  lino  in  length,  shows  plainly,  under  the  compressor,  the  four 
suckers,  f 

Thiri  discovery  was  soon  confirmed  by  Dujardin,  who  gave  a 
figure  of  the  embryo  of  Taifiia  eueumerina^  observed  by  him  in  the 
ova  of  the  fully  developed  generative  joints  of  that  tapeworm  from 
the  intestines  of  a  dog  % :  and  he  has  described  the  contractions  of 
the  body  of  the  larva  and  the  movements  of  the  booklets. 

The  earlier  phases  of  development  have  been  well  traced  by 
K(')lliker,  in  both  Ttenia  and  Bothrioeephaius,^  Development  is 
first  indicated  by  a  clear  place  in  tlie  centre  of  the  egg,  which  becomes 
more  and  more  clear,  larger,  and  nearer  the  surface  of  the  yolk,  where 

♦  l.X.  p.  201.,  ana  XXIV.  p.  148.  t  LX.  p.  202. 

t  LX  V.  p.  29.  pi.  i.  fig.  10.  §  LXVL  p.  91. 
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it  is  seen  to  be  a  nucleated  oelL  In  this  are  developed  two  oells, 
which  are  liberated,  and,  repeating  the  process,  form  four  cells ; 
this  cluster  of  germ-cells  divides  the  more  opaque  yolk  mechanically 
into  two  parts.  The  germ-cells  become  progressively  smaller  and  more 
numerous^  and  the  yolk  becomes  in  the  same  ratio  acted  upon  and 
diminished,  until  it  is  whdly  absorbed  and  assimilated  by  the  germ- 
oellfly  and  the  ^g  finally  contains  only  the  germ-mass  so  constituted ; 
that  is^  consisting  of  the  progeny  of  the  primary  germ-cell,  de- 
veloped and  multiplied  at  the  expense  of  the  yolk,  which  is, 
therefore,  exclusively  a  '* germ-yolk"  in  the  Tteniw.  The  embryo 
above  described  is  the  result  of  the  metamorphoses  of  certain  cells  of 
the  germ-mass  into  its  different  tissues ;  viz.  the  skin,  the  proboscis, 
the  six  liooklet%  and  the  suckers ;  the  contained  parenchyme  consists 
of  the  remnant  of  the  germ-mass  comparatively  little  changed. 
The  next  step  in  development  has  been  observed  by  Siebold  in 
the  larvsB  of  T^enuB^  which  have  become  parasitic  in 
animals  of  quite  distinct  species  from  those  in  which 
the  ova  and  ovigerous  segments  were  formed. 

In  a  species  of  slug  {Arion  empiricdrum)^  e.  g.,  Sie- 
bold observed  minute  white  cysts  projecting  from  the 
inner  surface  of  the  pulmonary  sac  Each  cyst  con- 
tained a  vermicule,  with  an  uncinated  and  suctorial 
head  retracted  within  the  body.  By  regulated  pres- 
sure the  head  was  everted,  and  also  the  opposite  end 
of  the  body,  which  had  previously  been  intussuscepted, 
and  the  animalcule  then  presented  the  form  given  in 
^.  33.  Instead  of  six  hooks,  these  were  now  ar- 
larrsoriteu.  ""*S^  "^  *  doublc  row  of  ten  in  each.  The  con- 
oMfnified.  tractUc  pareuchyme  of  the  unjointed  body  shows 
the  vascular  system  above  described,  together  with  numerous  minute 
cells  and  the  clear  calcareous  corpuscles,  but  no  trace  of  genera- 
tive organs.  These  sexless  larval  cestoids  are  probably  excluded 
from  the  ova  of  the  taenia)  of  some  species  of  bird,  voided  with 
the  excrement.  Being  hatched^  they  creep  upon  the  body  of  the 
first  slug  that  may  crawl  near  them,  and  entering  the  open  orifice  of 
the  pulmonary  sac  excite  a  certain  inflammation  by  their  hooks, 
become  surrounded  by  an  adventitious  cyst,  and  attain  that  grade  of 
development,  as  manifested  by  the  number  of  the  hooks,  the  suckers, 
and  the  length  of  the  body,  by  which  they  differ  from  the  larvee  as 
first  formed  in  the  egg  of  the  tape-worm.*     They  have  never  been 

*  With  regard  to  the  change  firom  the  six-uncinated  embryo  to  the  larvm  with 
the  doable  crown  of  hookfi,  Stein  states  that  the  latter  are  a  new  formation  which 
sapersedet  the  embfyonal  annatore  of  the  proboscis.    LXVIL  p.  69. 
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found  in  a  higher  grade  of  development,  or  with  sexual  organs,  in 
the  intestines  or  other  parts  of  the  slug.  Siebold  therefore  concludes 
that  they  may  be  restored  to  their  native  locality  —  the  intestinal 
canal  of  a  warm-blooded  animal — by  the  slug  being  devoured  by  some 
mammal  or  bird,  and  that  there  they  undergo  their  further  and  com- 
plete development ;  quitting  their  cysts^  and  forming  their  s^menta 
with  the  generative  organs,  which  are  detached  by  spontaneous 
fission. 

This  seems  a  bold  hypothesis,  and  it  would  be  a  hazardous  one  if 
it  rested  on  the  mere  facts  of  the  resemblance  of  the  vermicule  (^. 
33.)  in  the  pulmonic  cysts  of  the  slug  to  the  embryo  in  the  ovum  of 
the  Cestoidea.  But  the  modifications  of  the  hooks  and  suckers  in 
some  other  vermicules,  having  the  general  character  of  cestoid 
larvfls,  correspond  so  closely  with  peculiarities  of  the  same  parts  in 
the  tapeworms  of  animals  feeding  on  those  in  which  such  larvss  are 
found  encysted,  as  to  add  greatly  to  the  probability  of  the  migratory 
hypothesis.  Siebold  discovered  vermicules,  having  the  general  cha- 
34  racter  of  cestoid  larvae,  in  cysts  in  the  coats  of  the 

intestine,  and  free  in  the  cavity  of  the  intestine,  of  a 
cuttle  fish  {Eledone  moschata).  These  vermicules  had 
a  large  quadrangular  head,  divided  by  a  slight  con- 
striction from  the  body,  and  bearing  on  its  anterior 
flattened  surface  nine  suckers,  arranged  as  in^.  85^ 
the  largest  in  the  middle,  the  rest  in  four  pairs,  with 
the  inner  one  largest  in  each.  The  parenchyme  of 
the  body  of  this  vermicule  presented  the  clear  calcareous  corpuscles 
,35  characteristic  of  the  cestoid  tissue,  together  with  the 

four  longitudinal  canals,  as  in  /ig.  33,  /;  with  which 
evidence  of  its  cestoid  character,  the  next  step  was 
to  examine  what  known  species  of  mature  or  sexual 
cestoid  presented  the  nearest  resemblance  to  the  pecu- 
liar cephalic  organisation  of  the  presumed  larva.  This  Siebold 
found  in  the  Bothriocephalus  auriculatus,  in  which  the  four  angles 
of  the  head  are  produced  into  distinct  lobes,  each  bearing  on  its 
flattened  anterior  surface  a  pair  of  suckers  corresponding  in  their 
inequality  of  size  and  relative  position  with  those  in  the  larvae  from 
the  cuttle-fish ;  the  large  central  sucker  having  disappeared  in  the 
course  of  the  modification  of  the  central  interspace  through  the 
progressive  development  of  the  lobes  {Jig.  34.).  That  such  change 
takes  place  in  the  condition  of  the  peculiar  head  of  the  B.  auriculatus 
is  mode  probable  by  further  changes  observed  in  different  individuals 
of  that  species.  The  suckers,  for  example,  are  seen  in  the  younger 
specimens,  and  gradually  disappear  in  the  older  ones.     The  animal 


ENTOZOA.  77 

infested  by  tiie  B,  auriculatus  is  a  carnivorous  fish  (^Mtutelus  vul- 
garu\  inliabiting  the  same  sea  as  the  Eledone  moschatay  and  prone 
to  devour  that  and  other  kinds  of  cattle-fishes.  The  fertile  ova  of 
the  J?.  aurietdcOus  are  discharged  by  thousands  from  the  molluski- 
Torous  fish,  and  thousands  of  the  larvas  doubtless  perish.  Some, 
however,  gain  an  entry  into  the  interior  of  the  lower  organised 
marine  animals  suited  to  their  further  development  and  encysted 
life ;  still  fewer  complete  their  vital  career  when  the,  to  them,  lucky 
accident  occurs  of  the  devouring  of  the  moUusk  containing  them  by 
the  fish  whose  intestines  form  a  suitable  nidus  for  their  ultimate 
transformation,  and  for  the  development  and  propagation  by  spon- 
taneous fission  of  the  generative  segments. 

Another  cestoid  larva  found  in  cuttle-fishes  and  other  marine 
invertebrata  is  characterised  by  its  four  lateral  elliptical  suckers,  the 
tumid  borders  of  which  are  facetted,  or  divided  by  many  incisions. 
The  Bothriocephalus  corantUuSy  ^*  bothriis  tumidulis  transversim 
ooetatis,"  of  Rudplphi,  presents  the  like  peculiarities  of  its  suckers, 
and  it  is  found  in  the  intestines  of  fishes  that  feed  upon  the  inverte- 
brates and  smaller  fishes  in  which  the  larva  in  question  {Scolex 
pofymorphuSy  Auct.*)  is  found. 

To  take  a  final  instance,  indicative  of  the  migration  of  the  cestoid 
larvse,  from  land  animals.  The  common  tapeworm  of  the  cat, 
T<sma  crtusicoUis,  is  remarkable  for  the  disproportionate  size  of  the 
head,  the  short  and  thick  neck,  the  position  of  the  four  suckers,  and 
the  shape  and  number  of  the  booklets  of  the  uncinated  proboscis  :  all 
these  peculiarities  are  repeated  in  the  larval  form  of  tape-worm 
which  is  commonly  developed  in  cysts  of  the  liver  of  the  mouse  and 
rat,  and  which  has  already  been  described  as  the  Cysticerctts  fascio^ 
laris.  The  warm  blood  and  high  organisation  of  the  small  mammal 
in  which  that  larva  is  developed  may  well  be  regarded  as  favouring 
a  further  advance  of  that  development  than  takes  place  in  the  en- 
cysted cestoid  larvsB  found  in  the  cold-blooded  invertebrates;  and 
accordingly  we  find,  not  only  the  uncinated  proboscis  and  suckers  of 
the  tapeworm  established,  but  also  a  lengthening  and  segmentation 
of  the  body,  in  the  so-called  CysHcercus  of  the  rat,  without,  how- 
ever, the  development  of  the  generative  organs,  and  with  a  tendency 
to  a  dropsical  accumulation  of  nutrient  fluid  in  a  few  of  the  terminal 
joints. 

All  cestoid  larvse  which  find  their  early  entrance  into  the  soft  tissues 

*  LL  t  xL  fig.  10.  The  cestoid  larvae,  in  their  yarions  grades  of  development, 
have  served  as  the  grounds  of  many  nominal  genera  of  entozoa ;  e.  g.  Anthoce- 
pkalui,  Baianophonu,  Bothriocephalua  bicolor,  DibothriorhyiKhuSt  Floriceps,  Gymno- 
rhynekuM^  Hepatoxyhn,  JRhynchobothrium,  Scolex,  Tentacvlaria,  and  Tetrarhynchvs. 
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of  mammalia  seem  to  be  subject  to  that  accumulatioD.  It  is  shown  in 
a  slight  degree  in  the  so-called  CysHeercui  pisiformis  of  the  liTer  of 
the  hare,  which  probably  finds  its  full  development  as  the  Ttenia 
serrata  of  the  dog.  But  in  many  instances  the  dropsical  enlargement 
of  the  encysted  cestoid  larva  proceeds  to  such  an  extent  as  to  make 
it  highly  improbable  that  they  can  carry  out  the  future  phases  of 
their  proper  life-cycle. 

This  we  may  conclude  to  be  the  case  with  the  Cyttieereut  ceiluloBtB 
of  the  human  subject,  from  the  number  of  the  adventitious  cysts  of 
that  parasite  which  are  found  to  contain  the  dead  hydatids ;  these^ 
moreover,  have  sometimes  undergone  a  decomposition  into  an  adipo- 
ceral  and  cretaceous  mass,  like  a  tubercle,  but  the  true  nature  of  which 
can  frequently  be  demonstrated  by  the  recognisable  renuiins  of  the 
head,  or  of  the  booklets  of  the  abortive  parasite. 

In  the  encysted,  probably  cestoid,  larvsB  of  the  ruminants 
(  Cytticercus  tenuicollis^  Auct)  the  accumulation  of  the  fluid  proceeds 
to  a  greater  extent ;  and  in  that  to  which  the  name  Echmocoeeus  has 
been  given,  it  seems  to  be  carried  so  far  as  to  obliterate  entirely  both 
head  and  neck  of  the  original  larval  form.  The  Echinocoeeus  bow- 
ever,  like  the  Canurus^  retains  so  much  of  the  original  spermatic  force 
in  the  germ-cells  that  remain  unmetamorphosed  in  its  parietes»  as  to 
set  up  a  multiplication  of  its  kind  by  gemmation.  But  the  product 
never  goes  beyond  the  sexless  vermicule  with  the  uncinated  and  suc- 
torial head,  like  that  which  is  developed  in  the  egg  of  the  tapeworm. 
In  the  CanuruSf  these  larvsa  are  retained,  as  we  have  seen,  in 
organic  connection  with  their  parent-cyst,  and  bud  out  from  her 
outer  surface.  In  the  Echinocoeeus  they  proceed  from  the  inner 
surface  of  the  cyst,  and  become  free,  reminding  us  of  the  development 
and  accumulation  of  the  navicellar  larva^  within  the  cyst-like  body  of 
the  parent  Gregarina. 

The  parthenogenetic  mode  of  generation  being  the  only  one  that 
the  hydatid-like  sexless  progeny  of  the  Cestoidea  are  able  to  manifest, 
the  life-period  of  these  dropsical  larvse,  when  not  liberatedy'seems  to 
be  determined  by  the  progressive  accumulation  of  their  parenchymal 
calcareous  corpuscles,  which  have  been  absurdly  described  as  their 
ova.  The  right  recognition  of  the  nature  of  the  cystic  entozoa  of 
Rudolphi  shows  the  futility  of  looking  for  normal  organs  of  genera- 
tion in  any  part  of  their  structure. 

The  hjrpothesis  of  equivocal  generation  has  been  deemed  to  apply 
more  strongly  to  the  appearance  of  internal  parasites  in  animal  bodies 
than  to  the  origin  of  animalcules  in  infusions.  But  if  a  tapeworm 
might  be  organised  from  a  fortuitous  concourse  of  organic  particles, 
or  by  the  metamorphoses  of  an  organic  cell  in  the  animal  it  infests. 
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«b|'  Utat  iixiineDse  complication  and  extent  of  the  organs  for  ttie  pro- 
ductioii  of  normal  fertile  ova  ? 

•*TUe  division  of  the  body  into  joints  is  intended,"  Professor 
Bidviclit  observes,  **to  produce  a  corresponding  number  of  bunches 
of  <iTa,  just  &9  the  repeated  ramification  of  plants  is  destined  to 
pravide  space  for  the  production  of  new  bunches  of  seeds."  The  bead 
of  the  tapeworm  is  fixed  to  the  mucous  surface,  and  tbence  it  may 
dcriie  the  nutritive  juices  required  for  the  whole  organism,  in  n 
dcjgree  analogous  to  that  in  which  the  root  procures  the  nourishment 
of  llie  plant  from  the  soil ;  and  the  analogy  of  the  extent  to  which  a 
pbuti  ia  nourished  by  its  leaf- pores  may  also  be  carried  out  by  the 
OUtftl  to  which  the  tapeworm  is  supplied  by  the  absorbent  action  of 
its  mucous  integument.  The  ova  having  reached  maturity,  the  joints 
rupture  to  liberate  them;  or  the  whole  joint  will  be  tbrown  off  in 
the  flame  way  as  the  seeds  of  plants  are  freed,  sometimes  one  hj  one, 
tometimes  in  masses^  according  to  the  particular  manner  of  life 
udgned  to  every  species  of  plant.  ^'  And  is  there  any  one,^'  asks 
Dr.  Efichricbt,  "  who,  upon  the  contemplation  of  this  wonderful 
■ppontui^  and  the  extmordinary  results  of  its  agency,  can  for  a 
gJOlDgait  iinigine  that  it  is  without  nn  object  or  an  end?'* 

The  geographical  distribution  of  the  human  Cestoidea  is,  likewise, 
oppoeed  to  the  doctrine  of  their  spontaneous  origin.  The  organic 
pan]cl6«»  or  alimentary  mucus  of  a  Swiss  and  Dutchman,  are  not  so 
distJoct  in  their  nature  as  to  account  for  the  difference  in  their 
tapeworms*     Yet  no  Swiss  that  never  left  his  native  mountains  ever 

I  a  Tetnia  solium,  and  no  Dutchman,  the  constant  resident  of  his 
aps^  ever  had  a  Bothriocephatus  laius.  But  a  native  of  either  of 
i  GOtmtnes  may  be  infested  by  the  tapeworm  peculiar  to  another 

;ion,  if  he  sojourn  there,  just  as  the  English  sailor  may  be  attacked 
the  Guinea- worm,   if  he  visits  the  tropical  regions  where  that 
estozoon  is  common. 

The  great  anatomist  Soemmering  suffered  from  a  Boihriocepkalus 

iaims.     Now  he  was  a  German  ;  but  it  was  ascertained  that  he  paid 

visits  to  a  friend  in  Switzerland.     There,  doubtless,  the 

of  the  parasitic  worm  was  introduced  into  his  body.     Tho 

countless  ova  of  the  taeniaB,  with  their  hard  crusts  or  shells,   and 

I  lenAcity  of  latent  life,  are,  doubtless,  widely  dispersed;  the  larvae  are 

rlj  provided  with  express  organs  for  attaching  themselves  to  the 
da  and  tissues  suitable  for  their  first  phase  of  existence,  and 
narsing  animals  serve  as  food  for  the  higher  species  destined,  in 
their  tuTn,  to  subserve  the  complete  development  of  the  migratory 
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The  e»9eotiiil  aniitomical  cbaxacter  of  the  third  order  of  Kntozoa  in 
the  cla&Bificatiou  of  Htidolphi  may  be  represented  by  combining  the 
head  of  an  unarmed  Taenia,  with  one  of  its  joints,  containing  the  fully 
developed  aodrogynoiia  organs-  The  digestive  system  being  repre^ 
lented  by  simple  cana]8»  imbedded  in  the  soft  cellular  parenchyme^ 
uitl  without  anal  outlet. 

The  Tremafmla  may  be  characterised  as  having  a  soft,  flattened, 
rarely  rounded,  body,  with  an  indistinct  head,  an  unarmed  mouth* 
and  generally  one  or  more  suckers  for  adhesion  in  different  parts  of 
the  body :  the  organs  of  both  sexes  are  in  the  same  individual. 

Kudalphi  was  a  pupit  and  ardent  admirer  of  Linn^us,  and  adopted^ 
external  and  easily  recognisable  characters  for  the  generic  6ul>- 
di visions  of  the  Trematode  order,  the  species  of  which  be  distributed 
according  to  the  number  and  positions  of  the  suctorious  orifices  and 
cavities.  When  there  is  a  single  one,  it  constitutes  the  genus  3laiki^ 
Mioma :  when  there  are  tw^o,  which  are  terminal  or  at  opposite  ends  < 
the  body,  yo«  Jiavo  the  character  of  the  genus  Amphutoma  :  when 
the  posterior  of  the  two  suckers  is  not  terminal,  but  on  the  inferior 
surface  of  the  body,  this  constitutes  the  genus  Dutoma :  three  suc- 
torious cavities  characterise  the  genus  Trisioma ;  five,  the  genus 
Pentasi^ma  ;  and  a  greater  number  that  called  Poli/stoma,  Subse- 
quent anatomical  investigations  have  led  to  the  formation  of  other 
genera  of  Trematoda^  and  have  likewise  shown  that  those  species 
which  were  grouped  together  by  the  external  and  artificial  characters 
of  the  Rudolphian  system,  manifest  diflerences  of  organ isation^ 
indicating,  at  least,  the  generic  distinction  of  such  species:  nay, 
most  of  the  Peniaslomaia  of  Rudolphi  appertain  to  the  Ccelelminthic 
class  of  Entozon. 

My  illustrations  of  the  anatomy  of  this  order  wiU 
be  chiefly  derived  from  the  two  species  which  infest 
the  human  subject  ;  these  are  the  Distoma  hepatkum 
(Jt{f.  36.),  and  the  Distoma  ianceoiatum  (Jig,  37.). 
Both  are  peculiar  to  the  biliary  ducts  and  gall  bladder, 
but  may  pass  thence  into  the  intestine-  Both,  like- 
wise, are  more  commonly  found  in  the  ordinary 
domestic  animals,  as  the  sheep  and  ox,  than  in  the 
human  subject. 

A  full-grown  Distoma  hepatieiwi  is  of  a  flattened, 
ovate^  or  oblong-ovate  form,  broader  and  rounded  anteriorly,  attenu- 
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sk\*^\  [)*:»»  I  en  or  ly  ;  from  ten  to  sixteen  lines  in  lengtli,  IVatn  four  to 
M»vt^n  in  width  :  (he  broad  end  sendis  forward  a  sort  of  conical  neck 
(If  hend,  convex  iibove,  flat  below ;  one  of  the  suckers  (a)  is  at 
tJit!  extremity  of  this  process?,  a  little  turned  doirnwards,  and  is  the 
true  month  ;  the  other  (A)  is  at  the  under  part  of  the  base  of  the 
n«€k»  i*  imj>erforate,  and  serves  merely  as  an  organ  of  adhesion. 
Between  these  is  o  small  depression  (rf)  in  which  the  genital  pores 
are  placed :  not  unfrequently  the  curved  or  spiral  penis  may  bo 
cbmrwtd  projecting  from  the  anterior  of  these  pores. 

The  body  is  of  a  whitish  yellow  colour,  variegated  near  the  margins 
bj  the  yellow  ova,  and  on  the  dorsal  aspect  by  the  brown  colour 
of  llio  double  ramified  alimentary  tube.  The  integument  is  soft : 
tracer  of  muscular  Gbres  can  banlly  be  discerned,  except  around  the 
larger  sab  ventral  sucker- 

l>r.  Mehlis*,  who  baa  given  the  best  anatomical  account  of  the 
bcunmi  Trematoda,  describes  and  figures  the  nervous  system  of  the 
l^miotmn  hepaticum  us  a  delicate  ccsophageal  Blamentary  ring,  witli  a 
alight  ganglion ic  enlargement  on  each  side,  from  which  minute  iibrcs 
into  the  oral  sphincter  ;  and  two  large  fihiments  pass  backwards, 
oo  each  side,  as  far  as  the  ventral  sucker. 

I  bavc  tested  this  description  by  a  dis^icciion  of  the  largest  known 
•pecies  of  Dutoma,  the  Dt^t.  claratttm^  whose  anatomy  I  have  de- 
•cribvd  in  the  Zoological  Transactions.  You  may  distinctly  perceive 
in  thlfl  preparation  f  the  oesophageal  nervous  circle,  the  small  cephalic 
fijjuneiits,  and  the  two  widely  separated  nervous  chords  of  thu  trunk. 
In  tilts  specimen  also,  you  will  see  the  integument  raised  as  a  di<;tinct 
mifnibnuie  finom  the  outer  transverse  muscular  fibres,  and  a  portion 
of  ibeje  S8  reflected  from  the  inner  longitudinal  stratum.  Feeble 
mnftlogiies  of  these  parts  of  the  muscular  system  are  doubtless  pre- 
vail in  the  smaller  Distomata  of  t  lie  human  subject.  Pigment -specks, 
eaUfid  •♦  eye- specks,"  are  present  in  the  Pobf&tama  of  ihc  urinary 
bladder  of  the  toad  and  frog,  as  in  the  locomotive  ciliated  larva  of 
OiQtt  Trematoda.  In  the  }^ly»ton%a  six  long  muscles  diverge  from 
tbe  hinder  part  of  the  body  to  have  an  expanded  insertion  into  the 
OOflvex  eidea  of  the  six  suckers. 

Tbe  sole  aperture  of  the  alimentary  system  is  that  of  the  anterior 
poiVt  which  is  surrounded  by  the  fibres  of  the  suctorial  organ, 
TUe  aKment4iry  canal  in  the  Distama  hepaticum  is  continued  from 
ibif  pore  for  a  very  short  distance  as  a  single  tube,  and  then  bifiir- 
caies;  the  diriiiions  (Jif/^  36.  c^c)  diverge  to  enclose  the  bursa  penis 
Afid    the   ventral   sucker*  again  approximate,  and   afterwards    run 
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I»nriilli-1  with  each  other,  with  a  narrow  inierFpAoe.  mlcsig  the  siiddk 
of  the  h«Hly  tti  the  cauilal  cxtremitj.  At  their  first  bend,  each  tabe 
^>ivfi  ntV  thri't;  or  fuur  hranches  from  it§  outer.  \m\  none  from  its 
iiiiii  r  .xiilf.  T\u:  paralk-I  tubes  fend  off  a  few  short  and  ampk 
briiiH-lii-!f  rniiti  th»:  inner  side,  and  manj  larger  ramified  bruches 
fi'oiti  ihrir  oiiti-r  sidt.-:«,  which  terminate  in  blind  extremities  near  the 
uiai'iiin  Iff  th«*  \toi\y, 

'i'li4'M*  ramilsi  scom,  at  first  sight,  to  be  simplj  excarated  in  thefiob* 
htuiici-  of  the  hody  ;  hut,  attentively  examined,  they  present  a  deliolB 
|ir()|MT  ti.ssiio.  They  are  usually  filled  with  a  brownish  chjme^  vhidi 
appears  in  be  nuieus  stained  with  cholesterine. 

A  niorr  minute  sivsti^-m  of  ramified  tubes,  which  by  some  hare  been 
re^riinlrd  as  the  nutrient  vessels,  commences  or  terminates  by  a  snuU 
liii'LiMiin  at  tlie  eaudal  extremity  of  the  body.  The  trnnk  of  thii 
ityfitrm  runs  fnrwanls  with  a  slightly  serpentine  course,  along  the 
inter  spare  of  the  fi  irked  alimentary  canal,  to  the  anterior  part  of  the 
body,  where  it  hifureates,  and  terminates  in  many  finely  ramified 
hraiu'hfs :  similar  branches  come  off  in  pairs  from,  or  terminate  iDi 
the  null  11  oanal.  These  vessels  seem  to  be  an  excretory  rather  thani 
iiutririit  system.  They  are  beautifully  figured  by  the  ingenious  ant* 
t4iiiii>t  Hlanehartl,  wh(»  has  succeeded  in  injecting  them  independently 
of  tlie  dijrestive  canals.* 

The  vascular  system  of  Diplmtoma  volvens^  so  beautifully  illns- 
tratcd  hy  Nunlmann  t«  is  the  equivalent  of  the  system  of  capilhiries, 
di'M'rlheil  hy  Melilis  in  the  Diatomn  hepaticum  ;  and  the  median 
trunk  (//'//.  i is,  /i),  which  is  compared  by  Nordmann  to  the  dorsal 
uorla  ill  the  Aiiclliih's,  must  he  the  principal  excretory  conduit :  it 
pu-i-wfs  din-ctly  hack  wards  to  the  terminal  pore  (lA.  A),  distinctly 
ricoj;iiiscd  hy  Nordmann  in  the  Z>i/i/o«^>/Ma  as  an  excretory  outlet : 
iiikI  he  dt>cs  ih>t  positively  deny,  what  his  figures  indicate,  its  con- 
tinuily  with  the  straijjht  duct  terminating  at  that  pore.  In  the/>M/- 
via  rut  urn  1  have  shown  that  the  excretory  system  is  complicated  by  a 
lar^c  terminal  receptacle  or  hladder,  of  which  the  hinder  pore  is  the 
outlet.  I 

The  male  origans  of  the  Distomn  hepaticum  consist  of  the  secern- 
in';  seminal  tuhcs,  a  vesicula  seminal  is,  a  penis,  and  its  bursa:  the 
coiivnlulcil  tuhuli  testis  ecpial  the  smallest  branches  of  the  aliment»ry 
caniil  in  size;  they  occupy  a  great  extent  of  the  middle  part  of  the 
body,  an*  inextricahly  interwoven,  are  recognisable  by  their  opak« 

•  I.XIX.  pi.  ;u;.  an.l  I.\X.  (isiM)),  p.  ^o:,,  tnf.  iv.  The  iilca  of  the  namreand 
fiini-iioti  fif  tlM»s»«  vi»NNoU,  ijivon  in  my  funiuT  oditiun,  p.  57,  has  l)een  adopted  1>T  *l*^ 
cxiMTMMU'i'il  Sii'lHilii,  XXIV.  p.  i:J6.  *•  So  \;\i\u\K'  \vh  pohort  ilaa  Gcfassnet* 
wi'l<'lir«  l)<ijiiiniM  uiis  DitttmHum  hriMticum  iK'Sehroibt  jcucm  I'lxoretionsorgaDS  «!»• 

t  LXXI.  p.  a:,  tnf.  iv.  fig.  6.  t  LXXII.  p.  41.  fig.  18.  g. 
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white  colour,  and  terminate  bj  two  trunks  in  a  common  canal,  which 
ends  at  the  base  of  the  receptaculum  penis.  This  appendage  is 
ipirallj  disposed  when  flaccid,  is  tubular,  and  distinctly  perforated  at 
the  apex. 

The  ovaria  occupy  the  whole  margin  of  the  body  for  a  line  in 
breadth :  they  consist  of  minute,  branched  tubes,  in  which  the  ova 
■re  developed,  as  in  acini.  The  oviducts  are  close  to  the  ventral 
integument,  and  terminate  in  a  single  large  uterine  canal,  which  is 
dagpoaed  in  many  convolutions  between  the  subventral  acetabulum 
mud  the  bursa  penis:  it  terminates  by  a  vulva,  or  distinct  pore, 
immediately  behind  the  male  bursa.  The  ovarian  ova  are  colourless 
and  pellucid,  but  become  opaque  as  they  approach  the  oviduct : 
having  entered  this  tube  they  acquire  a  white  glistening  tunic,  and 
afterwards  a  yellow  colour,  which  becomes  deeper  as  they  approach 
the  vulva. 

The  DUtoma  lanceolatum  {Jig.  37.)  has  been  regarded  as  the  young 
of  the  Distoma  hepaticum ;  but  it  is  of  a  different 
form,  has  a  different  anatomical  structure,  particularly 
as  regards  the  alimentary  canal,  and  its  title  to  rank 
as  a  distinct  species  is  sufficiently  vindicated  by  its 
power  of  developing  fertile  ova  without  changing  its 
cliaracteristic  shape  or  increasing  in  size.  It  rarely 
equals  five  lines  in  length,  but  is  more  commonly  three 
lines  long ;  fiat,  lanceolate,  more  attenuated  anteriorly, 
and  with  an  obtuse  caudal  apex. 

The  suctorial  pores  are  relatively  larger  than  in  the 
D,  hepaticum.  The  anterior  sucker  {a)  looks  down- 
wards, and  is  perforated  in  the  centre  by  the  mouth : 
the  genital  pores  are  half  way  between  this  and  the 
hinder  sucker  (jb).  The  transparency  of  the  integu- 
ment allows  the  internal  parts  to  be  readily  discerned. 
The  alimentary  canal,  commencing  by  a  kind  of 
pharynx,  is  continued  as  a  very  slender  tube  (c)  to 
the  bursa  penis,  where  it  bifurcates,  each  division  (^ 
being  continued  without  further  ramification  along  the 
right  and  left  sides  of  the  body  to  the  tail,  where  it 
ends  in  a  blind  extremity.  The  minuter  excretory 
system  of  vessels  has  not  been  discerned  in  this  small  Distoma.  The 
simplicity  of  its  digestive  apparatus  makes  the  analogy  very  close 
between  the  D.  lanceolatum  and  the  TanuB, 

hi  the  interspace  of  the  two  digestive  tubes  four  opake  whitish 
^Pots  are  visible,  of  which  the  three  anterior  or  larger  ones  (e)  form 
^^^«  testes.    Each  transmits  from  its  anterior  margin  a  very  minute 
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duct,  which,  adrancing  forwards,  unite  in  a  common  vas  deferens, 
terminating  in  a  small  vesicle  at  the  base  of  the  penis,  which  is  pro- 
vided with  its  proper  bursa.  Thi;  ovaria  (J\f)  are  two  in  number, 
of  a  milk-white  colour,  situated  at  the  margins  of  the  middle  third  of 
tiie  body,  exterior  to  the  alimentary  tube.  They  present  a  dendritic 
form,  small  branches  being  given  off  chiefly  from  their  outer  side. 
The  oviducts  run  transversely  to  the  middle  line,  and  form  there,  by 
their  convolutions,  a  fourth  white  opake  body  behind  the  testes. 
From  this  subsphcrical  body  the  common  uterine  tube  (^)  is  continued. 
This  is  a  simple  and  ample  canal,  very  long  and  tortuous,  occupying 
all  the  posterior  part  of  the  interspace  of  the  alimentary  forks,  thence 
continued  fornt'ards  with  decreasing  convolutions,  and  terminating' 
at  the  vulva. 

The  digestive  system  in  the  species  of  Diplostoma,  a  genus  which 
has  two  ventral  suckers  (^ff.  38.  ft,  c\  is  as  simple  as  in  the  Dist, 

lanccolatum;  but  the  blind  extre- 
mities (/,/,)  of  the  two  divisions  of 
the  alimentary  cavity  (>*,  e)  arc  each 
lodged  in  a  sac,  i,  which,  from  the 
milky  character  of  its  contents,  has 
been  termed  the  chyle-receptacle. 
It  is  supposed  that  the  nutritious 
contents  of  the  alimentary  tubes 
exude  through  the  parietes  of  their 
coecal  extremities  into  these  recep- 
tacles. Two  delicate  vessels,  ^,  ky 
arc  continued  from  the  anterior  and 
outer  angle  of  each  chyle-receptacle, 
which  extend  forwards  to  the  ante- 
rior third  of  the  body,  and  are  there 
brought  into  communication  by  a 
transverse  vessel,  /,  which  extends 
across  the  dorsal  aspect  of  the  body. 
From  the  point  of  union  of  the 
transverse  with  the  external  lateral 
vessels,  a  single  trunk  is  continued 
forwards  on  each  side  to  the  anterior 
angles  of  the  body,  m,  wi,  where  they 
bend  inwards  and  unite  in  the  middle  line  to  form  a  median 
trunk,  w,  w,  which  Ih  r<in tinned  to  the  posterior  extremity  of  the  body, 
distributing  or  nrcivliig  branches  on  each  side  throughout  its 
entire  length,  and  apparently  terminating  at  the  posterior  excretory 
pore,  h.  Through  the  connections  of  this  system  of  vessels  with  the 
chyle-receptaclesy  the  terminal  pore  might  be  regarded  as  an  anal 
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cMidet  to  the  digesiive  system,  and  tlie  capillary  vessels,  extending 
fmm  the  chjlc-rcceptacle^  to  ihtit  pore,  as  a  ramified  form  of  intos- 
line^  fulfilling  at  the  same  time  the  office  of  kcteals,  lymphatics, 
arteries  and  veins ;  but  au  excretory  function  is  doubtless  the  chief 
one  of  thi8  ramified  system  of  vessels. 

In  ManoMtoma  mutahile  the  two  digestive  canab  bend  tov^ards, 
aad  anafttomose  with,  ejich  other  at  the  hinder  end  of  the  body.  In 
AMpidtf^aster  the  digestive  canal  is  continued  backwards,  without 
dtfiding,  and  ends  by  a  cul-de-sac.  A  similar  simple  blind  lube  is 
continued  from  the  mouth  of  GaHerostoma^  which,  as  that  name 
ImiiHes^  IB  situated  at  the  middle  of  the  abdomen.  In  Distoma  chi- 
ioMmtta  and  other  species  from  the  abdomen  of  Neuropterous  insects, 
two  abort  blind  tubes  diverge  right  and  left  from  the  gullet.  The 
jfied  tjpe  ot*  the  alimentary  canal,  exhibited  by  Dist.  hepoficitm, 

'ia  repeated  in  Octolmthritim  pal  ma  turn,  O,  Mi'viangi,  Poff/sfoma 
appendieuhium^  Trktoma  tlottgitfum,  and  in  the  genus  Diporpa*, 
whkh,  in  the  state  of  conjugation f,  represents  that  iipparently  most 
extraordinary  form  of  the  present  order,  called  by  Nordmann,  its 
diacoverer,  Diplozoan  paradoTum,  In  this  Trematode,  as  well  as 
In  aofne  others,  e,  g,  Distoma  echinatum,  Aspidogaster  coachicola, 
ecnmn  parta  of  the  vessels  show  a  ciliated  inner  surface,  or  special 
ettialcd  proccFSes  extending  therefrom,  which  actively  vibrate,  and 

t  may  relate  to  a  respiratory  process. 

The  posterior  contractile  sac,  already  referred  to  in  the  Distoma 
chi^aium,  is  present  under  certain  moditieaiions  in  many  Trematmla, 
It  b  simple  in  Monostoma  Faf/a^  Distoma  cirrigerum  and  Gastero- 
tiomfi^mhrintnm  ;  is  bifurcate  in  Distoma  davigenim^  D*  iereticoUe^ 
/>,  rarirgatum,  and  in  many  Mo/tostotmita,  in  which  the  two  blind  ends 
of  lli<:  sac  reach  almost  to  the  head.  If  I  have  been  right  in  regarding 
tliC   so-called  ** vascular  system"  of  Dist  hepaticum  as  homoh^gous 

[irttli  this  sac  and  its  prolongations,  we  have,  then,  in  that  species,  a 
tbir^l  (raroiticd)  form  of  the  excretory  organ.  An  intermediate  mo- 
di tieation  is  presented  in  the  Amphistoma  conicum.  The  contents 
of  the  excretory  sac  consist  usually  of  a  colourless  fluid  containing 

LJIMDy  graDutes  and  vesicles :  but  sometimes  it  is  filled  by  clear  cal- 
I  corpuscles  like  those  found  in  the  pareochyme  of  the  cestoid 
\  and  iheir  cystic  larvie.     These  substances  are  excreted  by  the 

^teftninal  pore.  In  the  above-cited  lower  organised  Sterelmintha 
tl»e  lime-corpuscles  remain  aggregated  beneath  the  skin. 

genus  Pianaria  of  Miiller  is  now  known  to  include  many 
ic  typca  of  fresh-water  vermiform  animals,  not  internal  parasites, 
y^  eloaely  allied,  by  their  organisation,   to   the  order   Trematoda, 
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ri.K  ».  wIimIi,  ii«lviiiii-iii;^  lon^-.mK  uiiito  ia  a  common  Taa  deter«Diw 
r-  ri..ifi.»iiii>f  ill  Ii  aiti.ktl  viv^ii'lo  ;iC  ilu*  busi.*  ot*  the  p^iiis,  which  is  pro- 
V,)-  1  witli  iU  |'i«>|ur  Iiiii-h;!.      I'hi'  ov:iri:i  {j\X)  ore  two  in  number, 

■.r Ik  wliiit  ii>)m(ii.  iittiiiiiAl  It  \\w  nY:ir«;iits  of  the  middle  third  of 

fi.-.  i.-.'iy.  I  «imiiii  Im  tlio  .i!iiiu'Mi:i:'v  lubo.      They  present  a  dendritic 

I. n-.ll   lii.tiiiliiM  liiiii;;   ^;t^lMt   oi)'  chiotlv  ffom  thcif  outCF  Side. 

1 1.-.  •.yMii'U  Mill  ii.iii.i%t-iHK'iv  iK>  I'll'  Tiiiddlo  lino,  and  form  there,  bj 

n,  .it   ^i.liiiifiii.    I   IiuimIi   nit.iv  ^*(Mko  boiiy   behind  the  teste& 

1  i-.Mt  itiU  4iit>o|>lii  tit.il  U^l,\  i!io  vVHiition  uterine  tube  (^)  is  continaed. 
I  Mm  Im  a  4iiii|>U'  .Mid  kiiipli-  ^icmI.  MTV  IvMig  aiid  toFtuous,  occupjing 
hM  ilf.  |.i..jU.ii.>i  p.tii  x*i  Ow  Miu-tN^Mw  «'f  the  alimentary  forks,  thence 
'.'•M(}itu>  it   i(.tiwii«lt  \s\^h  vUviva>::i&:   .vnvolucionis  and  terminating' 

m(    III',    t  \i\\  t| 

I  III.  iliuioiui    i\  tiviM  III  i-u-  MK^iv*^  •f  Ihphufeoma.  a  genus  which 
liM^  Ilf  viiiiiat   aiivkoii  \  -Ii/.   ^N   \  .  ,  :s  ;i5  simple  33  in  the  DisL 

wu^t'tacf-H  :  but    the   blind  extre- 
.i  'tiii-e*     </l    of  the  two  divisions  of 

^  ^^  ,  .  K-   iiiuuMKury  cavity  {e^  e)  arc  each 

'  ^V^\  '  ■  A»\j-t.\;  11  A  sao.  t.  which,  from  the 
•n.i.xv  o'titmoter  of  its  contents,  has 
xvit  :vr»ttcu  the  chyle-receptacle. 
'■  :>  >ii^»i«i*^>d  chdc  the  nutritious 
vA.i.xiu>  jf  :Iic  Alimentary  tubes 
.  \tu\    •.  K>»a,;^  lie  parietes  of  their 
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theerersioii  of  tbe  intromittent  organ  and  the  excludion  of  the  eggs. 
Tiro  iccessory  vesicles  communicute  with  the  common  generative 
pUM^  one  of  which  is  probably  a  sperm -res  er\^oir,  the  other  a 
SMbiQental  sac ;  the  ova  of  Eome  species  are  attached  by  short 
iliaaeDts^  the  secretioD  of  such  a  sac,  to  the  stems  of  aquatic  plants. 
Hie  cliief  modifications  of  the  generative  organ  in  the  parasitic 
Tftma^a  will  be  understood  by  reference  to  the  description  of 
thm  already  given  in  the  two  species  infesting  the  human  sijbject 
A  tfainl  modification  may  be  briefly  noticed  as  it  exists  in  the 
Digioma  perlatum^  discovered  by  Nor  dm  an  n  in  the  intestines  of  the 
99  Tench.      It   is  illustrated   in  the  snb- 

joined  cut  from  the  magnified  figure, 
given  in  that  excellent  observer's  beauti- 
fy I  work.  *  ln,/%.  39.  i,  is  the  vagina 
expanding  into  h^  the  glandular  uterus, 
or  nidaraental  organ  ;  /»  iw,  are  the  two 
testes,  beset  internally  with  small  spines; 
w,  the  prominent  tube,  by  which  the 
ova  are  excluded ;  o  is  the  termination 
of  the  oviduct  in  the  cavity  of  the  tea- 
tis  m;  p,  /J,  are  the  convolutions  of  the 
oviduct,  laden  with  ova,  received  by  r, 
the  short  tubes  leading  from  the  ova- 
ria  q,  q^  which  are  widely  extended 
through  the  parenchyme  of  the  aides  of 
the  body. 

As  to  the  development  of  the  Ttb- 
maioda.  When  the  Entozoologist 
contemplated  the  Ttrnia  fixed  to  the 
intestine,  with  its  uncinated  and  suc- 
torious  head  buried  in  tlic  mucous 
membrane,  rooted  to  tlie  spot,  and  im- 
bibing nourishment  like  a  plant ;  — 
when  he  saw  the  sluggish  Distoma  adher- 
ing by  its  sucker  to  the  serous  membrane  of  a  closed  internal  cavity ; 

lie  niiturally  asked  himself  how  they  got  there?     And  finding 

I  obvious  solution  to  the  difficulty  of  the  transit  on  the  part  of  such 
imftls,  he  was  driven  to  the  hypothesis  of  spontaneous  generation 
to  sulve  the  difficulty.  It  is  no  wonder  that  Rudolpbi  and  Bremser, 
who  studied  the  Entozoa  rather  as  Naturalists  than  Phy (biologists, 
«liaald  have  been  led  to  apply  to  them  the  easy  explanation  which 
ArUtotle  had  given  for  the  coming  into  being  of  all  kinds  of  Vermes, 
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y>  LECTURE  V. 

U^ooK  M^gregnted  in  the  centre  of  the  locomotiTe  km,  whidi  maj 
Irt;  ^jBapTtd  to  the  locomotive  germ  or  zoospore  of  an  alga  or  sponge. 
It  le,  in  fMCt^  a  single-celled  animal  with  a  ciliated  as  well  as  a  ooo- 
tnefile  cell-walL 

Id  a  short  time  after  it  has  escaped  from  the  ovam  the  ciliated 
iotegumcnt  ruptures  and  its  contents  disappear,  with  the  exception 
^4  t\ui  concentrated  nuclear  matter,  which  is  left  clear  and  distinct, 
and  of  a  definite  form.  A  spontaneous  movement  is  observed  in  tins 
\MMiy:  it  grows,  and  now  a  granular  structure  may  be  seen  in  it 
und'^r  a  high  magnifying  power.  Before  its  escape  it  seems  to  be  a 
com  [met  structureless  mass  ;  but  afterwards  numerous  points  <Hr 
'^ntres  of  independent  force  begin  to  operate,  and  give  rise  to  multi- 
tudinous minute  granules  or  nuclei,  and  it  takes  on  a  structure  com- 
parable to  that  of  the  Gregarina.  Now,  what  is  the  condition  of  this 
secind  phase  or  form  in  the  metagenetic  progress  of  the  entosoon  ? 

It  will  be  observed  that  the  embryo  of  the  monosto^u^  when  it 
quits  the  ovum,  is  not  like  the  chick  ;  the  primary  germ-cells  have 
not  been  converted  into  numerous  and  diversified  tissues  and  organs; 
the  great  majority  of  them  remain  unchanged,  and  without  exhaustion 
of  the  spermatic  force.  This  force  would  seem  to  be  concentrated  in 
the  clear  nucleus,  which  expands  to  constitute  the  smooth-skinned 
Grcgariniform  worm.  In  this,  as  in  the  pseudo-navicellar  capsules^ 
numerous  unchanged  germ-cells  or  nuclei  set  up  as  many  centres  of 
development,  from  each  of  which  a  cercariform  embryo  results.  In 
this  process  many  of  the  germ* cells  and  nuclei  are  metamorphosed 
into  organs,  and  a  corresponding  proportion  of  the  spermatic  force  is 
exhausted.  What  remains  serves  to  govern  the  subsequent  develop- 
ments, which  result  in  the  change  of  the  individual  Cercaria  into  a 
Monostoma  or  a  Distoma ;  this  is  a  "  metamorphosis  ;  ^  but  the  ante- 
cedent phases  sliould  rather  be  called  a  *'  metagenesis,"  *  and  the  con- 
ditions essential  to  that  act  are  the  retention  of  a  due  proportion  of 
the  primitive  germ-mass  unchanged,  and  with  its  primarily  received 
spermatic  force  unexhausted. 

Some  of  the  Treraatode  Entozoa  are  remarkable  on  account  of  the 
places  they  are  found  in  ;  as,  for  instance,  the  Diplostoma  volvens, 
which  infests  the  interior  of  the  eye  of  the  perch  and  other  fishes. 
The  pupa  of  this  species  has  been  found  in  the  eye  of  the  perch, 
coiled  up,  adhering  to  the  inner  side  of  the  cornea,  and  then  there 
has  been  observed  an  oblique  line,  or  trace  in  the  cornea,  which  shows 
how  the  cercariform  larva  bored  its  way  through  to  get  there.  But 
frequently  it  does  not  get  so  far,  and  one  finds  such  pupsB  in  cases  like 
a  watch-glass  adhering  to  the  skin  or  conjunctiva  outside  the  eye.  It  is 
probable  that  difierent  stages  o£  the  Diplostoma  volvens  have  been  de- 
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and  ft  DUtmna ;  many  individuals  under  the  two  latter  forms  being 
cievelu|i«d  out  of  one  im(>r*^gNul«.Hl  ovum,* 

Frof*:ssor  Siebold  f  lias  traced  the  metamorphoses  of  another  Bpecies 
of  Treinatoda  up  to  a  certain  point,  the   rest  being  made  intelligible 
hy  Ibe  analogy  of  those  of  tbe  snaih     He  found  that  certain  water- 
fowl were,  at  particular  seasons,  infested  with  a  small  kind  of  fluke- 
wonu,  the  Monastftma  mutalnh,     Rudolphi  and  others  had  described 
tliem  in  tbe  alimentary  canal ;  Siebold  likewise   found   thera  in  the 
air-oelb  of  ibo  abdomen.     He  discovered  this  species  to  be  viviparous, 
and  ol^erved  the  act  of  bringing  forth,  when  the  Monostoma  was 
placed  in  cold  or  luke-warm  water-     The  ova  and  embryo  are  de* 
Tek»i>ed  as  in  the  tivnia.     The  first  germ-cell  appears  in  the  midst  of 
m  thick  granular  germ -yolk ;  it  multiplies,  and  its  progeny,  as  they 
l»econie  smaller  and  more   numerous,  break  through  or  divide  the 
^€ilk«  and  finally  consume   it.     Tlic  embryos  escape  from  the  vulva, 
ddse  lo  lUe  penis^  and  swim  briskly,  while  the  egg-shells  fall  to  tlie 
bolloiD*     Sometimes  an  egg  was  cxcludedj  containing  tbe-  embryo, 
wtilch  soon  escaped-     It  is  l-9th  of  a  line  in  length,  of  a  long  oval 
shape,  with  a  rruncated  head  and  a  rounded  tail-end.     On  tlic  upper 
part  of  tlie  head  are  a  pair  of  tquare  dark  pigment-spots,  whicii  re- 
minded Siebold  of  the  eyes  of  the  cercaria.     In  the  terms  of  the 
••alternate  generation*  theory  tbe  gregariniform  being  is  the  grand- 
iiur§e  "  gross-amme ; "  the  ciliated  monadiform   larva  is  the  grent- 
gnuid-nurse.     Thi^  is  an   exposition  of  the  main  facts  in  Hgurattvo 
laogooge,  but  is  not  an  explanation  of  them.     What  we  require  am 
th«  conditions  of  structure^  whifli  give  or  admit  of  the  power  of  pro- 
ovalioii  without  tbe  coitus  or  act  of  impregnation  in  the  procreating 
mnimoL     They  appear  to  be  these  ;  and  they  are  revealed  by  examin- 
ing the  structure  of  tbe  entozoon  in  question  in  the  several  stages  of 
tta  genetic  eycle^  comparing   them   with  each   other  and   with  the 
ehanges  operated  in  the  ovum  by  the  reception  therein  of  the  sper- 
matic principle. 

Id  the  development  of  the  monadiform  larva  of  the  monostoma  or 
dtstoma,  either  the  vitelline  membrane  is  metamorphosed  into  the 
etlinled  skin  of  tlie  larva,  or  this  is  formed  by  the  metamorphosis  and 
eooletcence  of  the  peripheral  layer  of  the  germ- mass.  But,  admitting 
the  fatter  process,  no  other  parts  of  that  impregnated  germ-mass  are 
ehangt*d  excepting  those  which  form  the  external  contractile  and 
eiUated  integument ;  there  is  no  mouth,  no  stomach  or  other  internal 
organs  and  no  members ;  tlie  only  change  whidi  has  taken  place  in 
thm  impregnated  germ-cella  is  rather  a  kind  of  change  of  the  relative 
poeition  of  the  essential  spermatic  or  clear  nuclear  matter^  which  has 
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muscular  investment*  The  mouth  is  a  minute  pore,  situated  on  the 
extremity  of  the  uncinated  proboscis :  it  leads  to  two  long  cylindrical 
canals  excavated  in  the  soft  parenchyme  adherent  to  the  muscular 
tunic,  and  are  continued  to  the  posterior  extremity  of  the  body,  send- 
ing off  throughout  their  course  a  number  of  fine  transverse  vessels 
which  anastomose  together.  Two  short,  slender,  cylindrical,  or  flat- 
tened bodies,  are  continued  backwards  from  the  sheath  of  the  pro- 
boscis, and  are  freely  suspended  in  the  anterior  part  of  the  general 
cavity :  they  are  called  lemniscL  These  bodies  contain  a  fine  gra- 
nular parenchyme,  and  are  richly  supplied  by  a  reticulate  system  of 
vessels,  which  communicate  with  those  of  the  lateral  canals,  where 
the  pedicles  of  the  lemnisci  are  attached  to  the  sheath  of  the  proboscis. 
This  apparatus,  which  in  its  form  resembles  a  vascular  systemj",  is  the 
only  part  of  the  organisation  that  appears  to  relate  to  the  nutrition  of 
the  worm.  Hunter  has  left  some  remarkable  instances  of  the  boring 
powers  of  the  Echinorhynchi :  in  No.  289,  he  shows  the  Echino^ 
rhynchus  porrigens,  attached  to  a  portion  of  the  intestine  of  the  Piked 
Whale  {BalcBna  Boops,  Linn.).  The  worm  has  perforated  the  intes- 
tine, and  has  formed  in  its  parietes  a  tortuous  passage;  the  head 
having  penetrated  the  mucous  and  muscular  coats,  and  returned  again 
through  the  latter,  into  the  intervening  cellular  coat.  The  sides  of 
the  canal  are  composed  of  thickened  and  condensed  cellular  mem- 
brane, and  in  the  enlarged  cavity  which  contains  the  head  there  is  a 
quantity  of  curdled  matter,  which  appears  to  be  lymph  thrown  out  in 
consequence  of  the  irritation.  The  main  body  of  the  parasite  con- 
tinued to  float  in  the  chyle  and  mucus  of  the  intestine,  which  may 
be  received  into  the  fine  vascular  network  of  the  skin  by  cutaneous 
absorption :  the  uncinated  proboscis  serving  chiefly  as  an  anchor  or 
hold-fast.  Hunter  has  placed  this  preparation  in  his  series  of  "  Parts 
analogous  to  Teeth  in  Invertebrate  Animals,** 

Tlie  male  organs  consist  of  two  fusiform  testes,  attached  to  each 
other  and  to  the  proboscis  by  a  suspensory  band ;  two  varicose  vasa 
defercritia,  wliieh  unite  together  to  terminate  in  a  single  vesicula 
serainalis ;  and  a  long  intromittent  organ  provided  with  a  bursa  occu- 
pying the  posterior  extremity  of  the  body,  and  having  a  special  raus* 
cular  apparatus  for  the  retraction  and  extrusion  of  the  contained 
organ.  Beneath  the  testes  there  are  from  one  (Ech,  claviceps)  to  six 
pyriform  bodies  which  secrete  a  minutely  granular  matter,  and  whose 
ducts,  in  the  latter  member,  which  is  most  common,  unite  into  two 
tubes  that  terminate  in  the  bursa  penis.  The  secretion  of  the  proper 
the  size  of  the  female.  The  generative  organs  in  this  sex  consist  of 
two  ovaries  and  one  oviduct.     The  ovaries  are  long  and  wide  cylin- 

♦  XXIV.  p.  125. 
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dried  bodies,  which  of  themselves  occupy  almost  the  whole  cavitj  of 
testes  is  characterised  by  the  numerous  actively  moving  capillary 
spermatozoa.  The  yellowish  wax-like  cement  which  is  often  found 
sticking  round  the  vulva  of  the  female  is  probably  the  secretion  of  the 
accessory  pyriform  bodies.  The  male  echinorhyncus  is  generally  half 
the  body,  extending  from  the  proboscis  to  the  tail,  and  appearing  to 
float  freely  in  the  fluid  of  the  general  cavity:  they  contain  a  granulo- 
cellular  mass  in  which  the  ova  are  developed.  When  ripe,  the  ovaria 
dehisce  and  the  ova  fall  into  the  cavity  of  the  body.  The  oviduct  is 
snpported  by  a  suspensory  ligament  answering  to  that  in  the  male, 
and  opens  freely,  like  the  fallopian  tube,  by  a  bell-shaped  mouth,  into 
the  cavity.  The  ova  are  taken  up  by  it,  and  conveyed  to  a  short  mus- 
cular uterus,  and  are  excluded  by  a  vulva  at  the  hinder  end  of  the 
hody.  When  first  liberated,  the  ova  have  a  single  tunic,  and  consist 
of  the  vitellus  in  a  minutely  granular,  and  sometimes  vesicular  mass, 
hut  without  a  trace  of  germinal  vesicle.  In  the  uterus  the  ova  have 
acquh^  two  additional  coats. 
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The  four  orders  of  the  class  Entozoa  which  have  already  been 
described,  are  less  natural  than  the  order  Neinatoidea,  which  will 
chiefly  occupy  our  attention  in  the  present  lecture.  The  Cystica^ 
Ceitoideay  Trematoda^  and  Acanthocephala,  are  far  from  being  re- 
«ipeetively  equivalent  to  the  order  Nematoideay  either  as  regards 
grade,  diflference,  or  circumscription  of  organic  characters.  The 
transition  from  the  cystic  to  the  taenioid  Entozoa  was  so  obvious  and 
close,  by  the  Cysticercus  fasciolaris^  for  example,  that  they  were 
combined  in  the  same  order  "  Tcenioideay^  in  the  "  R^gne  Animal." 
Cuvier,  however,  did  not  abolish  the  order  Cestoidea^  but  separated 
the  jointless  Ligulce^  in  which  the  head  has  neither  suckers,  bothria, 
nor  uncinated  proboscis,  from  the  other  Taenioids,  in  order  to  form  it. 
It  is  hardly  possible,  however,  to  separate  from  the  Taenioids  of 
Cuvier,  the  intestinal  LigulcB  of  water-fowl,  in  which  traces  of  both 
bothria  and  generative  organs  begin  to  manifest  themselves.  And 
Rudolphi*s  hypothesis  that  such  Ligulce  might  be  the  more  simple 
LigvlcB  of  fishes  that  had  been  transferred  to  the  warmer  intestines  of 
the  birds  preying  upon  such  fishes,  there  to  undergo  their  final  meta- 
morphoses, has  been  established  by  later  observations,  which  have 
also  shown  that  the  Cystica  of  Rudolphi  are  for  the  most  part,  if  not 
all,  larval  forms,  in  a  normal  or  abnormal  state,  of  the  Cestoidea. 
With  respect  to  the  higher  organised  Cestoidea  of  Rudolphi,  it  has 
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lietTi  Lir-.-jiCT  viim^z-xi'L  tul.  xuij  -rcrj  dosfclv  resemble  a  composite 
fonn  :•:  T'^ifrztof^.  Tim  isrti^fi^vt  una  natord  group  formed  by 
tbt  i»^  LUirwTfii:»u*  :rjvrf  ic  "  >v.!rciimiiiha "  form,  therefore,  the 
tsuiTjJtr.i  :r:  \iM  Vf  ii*^.^.,oVc.  Tin  Acatuhocrphala  constitute  a 
inVr-  iinJTf  1  ^'''  r.i.TLrul  .c-dtir :  iJid  ibe  Linpvahilit  (Pentastoma  of 
E  »i  J . »': :  •  -  trc  •. !  -.  T"« •:  »i  . »:  la.  UiiJ  - »£■ .  ^a*  cl rcu mscribed  gro up  (  Oncho' 
■li.'-.-.  'w.::.  L  :.:£:»f*  •''"I'i  .^'  .crJ^i-sLiK-^n.  'which  entitles  them  to 
rki.k  ::.  :^s  :ui.=*  Td  i*;*T«.:ft/'^  Ti.i*  tins*  indodes  all  the  cavitary 
ii.:-.'>:-T-!l  It  :cTa*  :c  CnTJtTr,  "■-1:1  ibi  fireptaon  of  the  "  Vers  ridi- 
,».^,^-  ^--  x^iatrri-  w-  E^dr.:!*.  v:j:i  t:^  rroved  by  their  metamor- 
;ij.»5h*f  t:  ^"syL-ar  :o  "^^^  Kj.b>:ii!.is:.i=:^..3f  Crustaceans. 


r^JfiwrAao-mnfl  chief  j  iT.Ttr 
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*  :br  oLief  part  of  the  class 

^1  \Z:i  ji*:  jsirian,  since  it  includes  the 

r:?rr.^  jikrasites  of  the  human  snb- 

T-^rl-.^R  fptTolif.  Filaria  medinensis, 

Fila^^z  .V*.';.  /"j-'j-^j  h'^flmckiaKs.  Triekocephaius 

d%.f:»a^.    >:i'.— .':cy^.T   *.->!■£»».  Strofigytus  ffigasy 

As:.-in,ii  •-».n:''^o.*.3V*.  £nd  Aftaris  or   Oryums 

rr^7xur%*^n4^  T.  :br  oratr  ^Vmolouipa,  repeated 

txinui::i::i»n?w  «i=«  my  first  obserTation  of  the 

miu'Jic  Trtc.ivij  tyi'Miis*.  induce  me  to  refer 

thai  iiOiTulir  mi  .•r».>?copic  parasite  ^/Jj^.  40. \  I  have 

saiis£tNi  ttTStl:"  v-:'  the  accuracy  of  Dr.  Farre'st 

and  Dr.  Hvi^Ws  ^  description  of  the  distinct  canal 

in  the  caTixT  of  the  K>3y.     In  a  specimen  of 

J'richtFi'.:  :-..-^w  ur.der  the  mioxosoope,  a  loop  of  this 

e^cil  zr.^y  \yj  5-c- a  }  rv«iruding  through  a  rupture 

(.'Z'll.r^  iVlvUiiaal  '*all.     The  vermicule  is  always 

cctnlainfrd  in   a  cj^t.     Thr  ^-•ocurrt^Rv.v  cf  those  crsis  in  vast  numbers 

in  tli*^  niuKulur  iis*U'L'  wa?  iirsx  uuJe  known  in  an  interesting  case  pub- 

lirhol  by  Mr.  Hili.*:i  §:  anvl  many  others  have  since  been  recorded. 

41  TJ^'.-  cvjt-   are   very   readily  dt-tcotod   by  gently  com- 

j*r«--iriL'  a  thin    slice  of  the  intVoto\l  muscle  between  two 

pi*:*-'-  ijf  L'la?*  and  applying  a  magnit'ying  power  of  an  inch 

io<:u-.      1  h<ry  are  of  an  elliptical  ligure,  with  the  extremi- 

ti«>  niore  or  less  attenuated,  often  unequally  elongated,  and 

alway-  inonj  opake  than  the  body  or  intermediate  part  of 

ill*;  <y:-',  which   is,  in  general,  sufficiently  transparent  to 

kUi}W  tliat  it  contains  a  minute  coiled-up  worm  (^g,  41.). 

^iraii*.*'"!  fliaiiic't'.-r,  and  ii„lh  of  an  inch  across  their  middle  part. 

'■uf"  '      'i'h«j  cyHts  are  arranged  with   their  long  axis  parallel  to 
llie  couPHC  of  the  muscular  iibrcs  (Jig.  40.),  which  probably  results 

•  LXXX.  vol.i.  11.315.    t  I-XXX*.         J  LXXXL  p.  528.        §  LXXXH. 
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from  their  Tielding  ]to  the  pressure  of  the  contained  worm,  and  be- 
coming elongated  at  the  two  points  where  the  separation  of  the  mus- 
cukr  fasciculi  most  readily  takes  place,  and  offers  least  resistance. 

The  imiermost  layer  of  the  cyst  can  sometimes  be  detached  entire, 
like  a  distinct  cyst,  from  the  outer  portion,  and  its  contour  is  generally 
well  marked  when  seen  by  transmitted  light.  By  cutting  off  the 
extremity  of  the  cyst,  which  may  be  done  with  a  cataract  needle  or 
fine  knife,  and  gently  pressing  on  the  opposite  extremity,  the  Tri  < 
china  and  the  granular  secretion  with  which  it  is  surrounded,  will 
escape ;  and  it  frequently  starts  out  as  soon  as  the  cyst  is  opened. 

When  first  extracted,  the  Trichina  is  usually  disposed  in  two  or 
two  and  a  half  spiral  coils ;  when  straightened  out  it  measures  3^th 
of  an  inch  in  length  and  t^a^^  ^^  ^^  ^^^^  ^°  diameter,  and  now 
requires  for  its  satisfactory  examination  a  magnifying  power  of  at 
least  200  .linear  admeasurement. 

The  worm  {Jig,  42.)  is  cylindrical  and 
filiform,  minutely  annulated,  terminating 
obtusely  at  both  extremities,  which  are  of 
unequal  sizes ;  tapering  towards  one  end 
for  about  one-fourth  part  of  its  length, 
but  continuing  of  uniform  diameter  from 
that  point  to  the  opposite  extremity  which 
is  trilabiate. 

The  free  canal,  which  commences  or  is 
attached  by  a  capillary  tube  or  filament,  at 
the  small  end  {Jig,  42.  a.),  rapidly  widens 
and  presents  a  saccular  form  through  one 
half  of  its  course  :  it  is  then  continued  of 
a  more  slender  and  equable  form  to  the 
great  end.  At  the  junction  of  the  saccular 
with  the  slender  part,  6,  of  the  canal 
there  are,  according  to  Luschka*,  two 
small  coeca.  Near  these  is  the  blind  end, 
of  a  second  canal  which  contains  the  small 
cluster  of  minute  dark  granules "f,  and  is 
continued  to  the  trilabiate  end  of  the  body; 
Luschka :(  believes  both  tubes  to  terminate 
here  in  a  blind  end. 

The  worm  has  no  organic  connection 
with  the  cyst :  sometimes  two  TrtchincBy 
rarely  three,  occur  in  the  same  cyst. 

•  LXXXm.  p.  77.  taf.  ill.  fig.  5.  c  c.  f  LXXXIV.  p.  63.,  and  LXXXV. 

X  This  author  seems  only  to  have  read  LXXX,  and  to  have  been  unacquainted 
with  the  additional  obeervationson  the  **  Anatomy  of  the  Trichina,**  in  LXXXIV. 
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The  Medina  or  Guinea-worm  {Filaria  medinensU^  GmeL)  is  de- 
Tcloped  in  the  subcutaneous  cellular  texture,  general]/  in  the  lower 
extremities,  especially  the  feet,  sometimes  in  the  scrotum,  and  also^ 
but  very  rarely,  beneath  the  tunica  conjunctiva  of  the  ere.  It 
appears  to  be  endemic  in  the  tropical  regions  of  Asia  and  Africa. 

The  length  of  this  worm  varies  from  six  inches  to  two,  eight,  or 
twelve  feet ;  its  thickness  is  from  half  to  two-thirds  of  a  line ;  it  is  of 
a  whitish  colour  in  general,  but  sometimes  of  a  dark  brown  hoe.  The 
body  is  round  and  sub-equal,  a  little  attenuated  towards  the  anterior 
extremity.  In  a  recent  specimen  of  small  size,  we  have  observed 
that  the  orbicular  mouth  was  surrounded  by  three  slightly  raised 
swellings,  which  were  continued  a  little  way  along  the  body  and 
gradually  lost ;  the  body  is  traversed  by  two  longitudinal  lines 
corresponding  to  the  intervals  of  the  two  well-marked  fasdcnli  of 
longitudinal  muscular  fibres.  The  caudal  extremity  of  the  male  is 
obtuse,  and  emits  a  single  spiculum  ;  in  the  female  it  is  acute,  and 
suddenly  inflected. 

The  Filaria  medinensis^  as  has  just  been  observed,  is  occasionally 
located  in  the  close  vicinity  of  the  organ  of  vision  ;  but  another  much 
smaller  species  of  the  same  genus  of  Nematoidea,  infests  the  cavity  of 
the  eye-ball  itself. 

The  Filaria  oculi  humani  was  detected  by  Nordmann  in  the  liquor 
Morgagni  of  the  capsule  of  a  crystalline  lens  of  a  man  who  had  under- 
gone the  operation  of  extraction  fur  cataract  under  the  hands  of  the 
Baron  von  Grufe.  In  tliis  instance  the  capsule  of  the  lens  had  been 
extracted  entire,  and  ujMin  a  careful  examination  half  an  hour  after 
extraction  there  were  observed  in  tlie  fluid  above  mentioned  two 
minute  and  delicate  Filnrite  coiled  up  in  the  form  of  ring.  One  of 
these  worms,  when  observed  nucroscopically,  presented  a  rupture  in 
the  middle  of  its  body,  probably  occasioned  by  the  extracting  needle, 
from  which  rupture  the  intestinal  canal  was  protruding  ;  the  other 
was  entire,  and  measured  three-fourths  of  a  line  in  length ;  it  pre- 
sented a  simple  mouth  without  any  apparent  papilla',  such  as  are 
observed  to  characterise  the  large  Filaria  which  infests  the  eye  of 
the  horse,  and  through  the  transparent  integument  could  be  seen  a 
straight  intestinal  canal,  surrounded  by  convolutions  of  the  oyiducte^ 
and  terminating  at  an  incurved  anal  extremity. 

The  third  species  of  Filaria  enumerated  among  the  Eniozoa  hominis 
is  the  Filaria  bronchialis  ;  it  is  described  by  Treutler  ♦  as  occurring  in 
the  enlarged  bronchial  glands  of  a  man  :  the  length  of  this  worm  is 
about  an  inch ;  it  is  slender,  subattenuated  anteriorly,  and  emitting 
the  male  spiculum  from  an  incurved  obtuse  anal  extremity. 

•  LXXXVI.  p.  10. 
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Tl>€  n6Xt  Ixuman  entozoon  of  the  Nematoici  order  belongs  to  the 
genus  Triehacepkalus,  whicb,  like  Filarkt^  is  cltaracterised  by  an  orUI- 
cqIat  moarb,  but  differs  from  it  in  tbe  capillary  tenuity  of  the  anterior 
part  of  the  body*  and  in  the  form  of  the  sheath  or  preputial  covering 
of  llie  male  spiculum.  The  species  in  question,  the  Trichocephalus 
itftfparBud.  (Jig,  43.)  13  of  small  size,  and  the  male  is  rather  less  than 
/"Zi^^^  ^^^  female.     It  occurs  most  commoiily  in  the  eiccnm 

V2/    ^^"^S-^    ^^^  colon,  more  rarely  in  the  small  intestines.    Occa- 
*  sionally   it   is  found    looee    in  the  abdominal    cavity, 

^^nCTiii**.  having  perforated  the  coats  of  the  intestine.  The 
csptUuy  portion  of  this  epecies  makes  about  two-thirds  of  its  entire 
length  \  it  b  transversely  striated^  and  contains  a  straight  intestinal 
cmnal ;  the  head  (a)  is  acute,  v^ith  a  email  simple  terminal  mouth. 
Tlie  thick  part  of  the  body  is  spirally  convoluted  on  the  same  plane, 
mml  exhibits  more  plainly  the  dilated  intestine ;  it  terminates  in  an 
obtuse  anal  extremity,  from  the  inner  aide  of  which  project  the 
islfomitteDt  spiculam  and  its  sheath* 

Tbe  species  called  Spiroptcra  Ho  minis  was  founded  by  Rodolphi 
00  ionse  small  nematoid  worms  expelled,  with  many  larger  elongated 
tiodies  of  a  solid  texture^  and  with  granular  corpuscles,  from  the 

irinArj  bladder  of  a  woman,  whose  case  has  been  described  by  Mr, 
iwrence  in  the  Medico-chirurgical  Transactions.*  Tlie  Spiroptera 
Tan«  from  eight  to  ten  lines  in  length ;  the  head  ts  truncate,  the 
moQth  orbicular,  with  one  or  two  papillse,  the  body  is  attenuated  at 
both  extremities  ;  the  tail  in  the  female,  thicker,  and  with  a  short 
obtuse  apex ;  that  of  the  male  more  slender,  and  emitting  a  small 
tubuluB ;  a  dermal  aliform  production  near  tlie  same  extremity 
lieiermined  the  worms  in  question  to  belong  to  the  genus   Spira- 

The  mo«t  formidable,  but,  happily,  the  rarest  of  the  nematoid 

parasttea  of  man,  the   Stronffylus  gigas^   also   infests  the    urinary 

wf%itmf  bat  18  developed  in  the  kidney,  where  it  hns  attained  the 

of  three  feet,  with  a  diameter  of  half  an  incli ;  occa5.ioning  sup- 

and  destructive  absorption  of  that  important  glandular  organ. 

The  male  {Jfg^  44.)  of  this  species  is  less  tlian  the  fcnmle,  and  is 

altghtly  attenuated  at  bc^th  extremities.     The  head  (a)  is  obtuse,  the 

nifvath  orbiculnr,  and  surrounded  by  six  hemispherical  papilla? ;  the 

'lily  marked  with  circular  striie,   and  with  two  longi- 

j      ^sions;  the  tail  is  incurved  in  the  male,  and  terminated 

by  a  dilated  pouch  or  bursa,  from  the  base  of  which  the  single  intro- 

■tilliefit  tptcultim  (g)  projects.     In  the  female  the  caudal  extremity 


•  ToLlip.8ft5. 
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is  lesa  attenuated  and  straighter,  with  the  antis  a  little  below  the  apex  ; 
the  vulva  is  situated  at  a  short  distance  from  the  anterior  extremity. 
The  Siranffylia  gigas  id  not  confined  to  the  human  subject^  but 
more  fr^quentlj  infests  the  kidney  of  the  dog,  wolf» 
otter,  racoon,  glutton^  horse,  and  ox«  It  ia  generally 
of  a  dark  blood-colour,  which  seems  to  be  owing  to 
the  nature  of  its  food,  which  is  derived  from  the 
vessels  of  the  kidney;  as,  where  suppuration  has  taken 
place,  the  worm  has  been  found  of  a  whitish  hue. 

The  round* worm  {Ascuris  lumbricoideM  Linn.) 
(Jig.  46.)  is  perhaps  the  most  anciently  known*  and 
common  of  the  human  Kntozoa,  and  ia  that  which  has 
been  subjected  to  the  most  repeated,  minute,  and 
successful  anatomical  exfiminations.  It  is  found  in 
the  intestineg  of  man,  the  hog,  and  the  ox.  In  the 
human  subject  the  round  worms  are  much  more 
common  in  cliildren  than  in  adults,  and  are  extremely 
rare  in  aged  persons.  They  are  most  obnoxious  to 
individuals  of  the  lymphatic  temperament,  and  such 
as  use  gross  and  indigestible  food,  or  who  inhabit  low 
and  damp  localities.  They  generally  occur  in  tlie 
amoll  intestines. 

The  body  is  round,  elastic,  with  a  smooth  shining 
surface,  of  a  whitisli  or  yellowish  colour  ;  attenuated' 
towards  both  extremities  but  chiefly  towards  the 
anterior  one  {^fig*  46,  u\  winch  commences  abruptly 
by  three  tubercles,  which  surround  the  mouth,  and 
characterise  the  genus*  The  posterior  extremity  {d) 
terminates  in  an  obtuse  end,  at  the  apex  of  which  a 
small  black  point  may  frequently  l»e  observed.  In 
the  female  this  extremity  is  straighter  and  thicker 
than  in  the  male^  in  which  it  is  terminated  mom 
acutely  and  abruptly  and  is  curved  towards  the  ventral 
side  of  the  body.  The  anus  is  situated  in  both  sexes 
close  to  the  extremity  of  the  tail,  in  form  like  a  trans- 
vei*»o  fissure.  In  the  female  the  body  generally 
presents  a  constriction  at  the  junction  of  the  anterior 
with  the  middle  third,  in  which  the  vulva  (e)  ia 
situated. 

The  body  of   the   Ascaris   himbricoides  is   trans- 
versely   furrowed   with    numerous   very    fine  etritB,    and  is  marked 

*  It  is  the  thfuvs  ar^tryy^Kot  of  Ilip}K}craCca. 


■ 


Not.  •(««, 


£NTO20A. 


99 


with  four  longtiudiDal  equidisUmt  lines  extending  from  the  head 
to  lh€  taiL  These  lines  are  independent  of  the  exterior  envelope, 
which  simply  covers  them;  two  are  lateral,  and  are  larger 
than  the  others,  which  arc  dorsal  and  ventral.  The  lateral  lines 
commence  on  each  side  of  the  mouth,  but,  from  their  extreme  fine- 
,  can  with  diflicultj  be  perceived ;  thej  slightly  enlarge  as  they 
duivnwards  to  about  one-third  of  a  line  in  diameter  in  large 
specimens,  and  then  gradually  diminish  to  the  sides  of  the  caudal 
exlremity.  They  are  occasionally  of  a  red  colour,  and  denote  the 
aitiimtion  of  the  principal  vessels  of  the  hody.  The  dorsal  and  ab- 
docninal  longitudinal  lines  are  less  marked  than  the  preceding,  and 
bj  DO  means  widen  in  the  same  proportion  at  the  middle  of  the  body* 
Tbey  correspond  to  the  two  nervous  chords*  hereafter  to  be  de- 
tcribed. 

The  last  species  of  human  Entozoon  which  remains  to  be  noticed 
b  the  Ascaris  vermicularU  (Jtg.  47. )i  a  small  worm,  also  noticed 
by  Hippocrates  under  the  name  of  ttrrtcapiQ^  and  claiming  tho 
atlentton  of  aU  physicians  since  his  time  as  one  of  the  most  trou- 
bleoome  parasites  of  children,  and  occasionally  of  adults,  in  both 
uf  whom  it  infests  the  larger  intestines,  especially  the  rectum.  The 
aise  of  the  male  AscarU  vtrmicularis  is  two  or  three  lines ;  that  of 
the  female  is  five  lines. 

The  integument  in  the  nematoid  parasites  of  the  human  subject, 
and  in  almost  all  the  order,  is  more  or  less  smooth  :  it  consists 
o<f  a  thin  compact  epidermis,  and  of  a  fibrous  corium  firmly  attached 
to  the  onter  transverse  muscular  fibres.  The  epiderm  is  homo- 
geneous ;  I.  r,  it  does  not  show  the  nucleated  cellular  slructure.  It 
ia  impressed  by  minute,  close-set,  transverse  indentations,  which,  in 
•ooie  of  the  Nematoidea  of  the  lower  animals  ( Slrongtflas  annuinta^^ 
e.  gv)  are  so  deep  as  to  give  an  annulate  character  to  the  integument; 
and  in  the  Ascaris  nigrovenosa  the  sides  of  the  body  appear  thereby 
ta  be  fringed*  Loljes,  or  aliform  processes  of  the  integument,  charac- 
teriae  co'tatn  genera  and  species ;  e.  g.  the  aloe  of  $Spiropiern^  the 
fioely-^&triated  "moustaches"  on  the  head  of  the  Ascaris  mystax^  the 
iCfTftled  membrane  supfjorted  on  tubercles  near  the  tail  of  the  same 
wonn.  The  corium  consists  of  decussating  !ibrea.  The  entire 
interment  is  highly  absorbent;  and,  after  death,  endosmose  will  go 
on  to  fuch  an  extent  as  sometimes  to  cause  the  parietes  of  the  body, 
if  tflimeraed  in  duid,  to  burst.  The  epiderm  is  developed  in  the 
Sirongylus  horriihts  of  the  water  hen,  into  four  longitudinal  rows 
<if  rif fleeted  booklets  ;  and  similar  spines  are  arranged  in  circular 
gmops  upon  die  anterior  part  of  the  Gnathostoma  spimgerum* 

Jl.  Cloquet,  in  his  elaborate  monograph  on  the  Aicaris  lumbri* 
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.'/I /(A,  t-oiiAvdv  ^iHCvs  :!mc  the  -fxwnor  larers  of  mascnlar  fibres  are 
tniii  .^1  iM\  liiii  Nil*  ■uivi-'uu  '.unirtLidiaal ;  the  latter  are  arranged  in 
••»'.. I  lA(««<Micjk  11  i-ur  ir»»iips.  ta  chii  large  specimen  of  the  StroH" 
•y>/nA  yiyirs  ^  Jiit-ii  I  ui*t«  ii!i«(tvrtfi  tor  the  muscular  system,  you  will 
i'iui'i\o  ili.ti  t  \iiv  Mill  avT  ,*t"  mnsverse  fibres  adheres  strongly 
If  ilii-  iiti«xitiiit*i«i.  •.'•w  'tin^>  ■-♦vin^  embedded  in  delicate  furrows  on 
(III  iiii.i4i.ll  »nii:U'^  ,«4  vu-  -i*:!.  W-chia  this  layer,  and  adhering  to  it, 
(nil  li..ii)iiiiU  Wi.di  .v  : mi! ^v. •  fx.>  ibn*s  do  to  the  integument,  there 
•'•  -k  ilmli  lu\«i  .•*  \siji:iiM\iiji;u  A^-icuIi.  which  are  a  little  separated 
iiKiM  ,>M.>  4M«>i-UM.  «ii«i  it>ir«t?ac\-u.  ^*c  ia  eight  distinct  series,  but 
pn'iu  -«(iii:i\  .«\.i  u  «i  K>io  ii.vfrtal  oirvumference  of  the  body. 
I'M'  U  ii»4»»%u;u*  X  ^viK  ifukr  h  \i:Z'^  ai;i^itying  power,  to  be  com- 
|i>...  il  .'I  iii.ii«\  \«t%  r.|^>  i.^i^-s.  .*ac  I'lese  do  not  present  the  trans- 
\<i  I-  .lit  I-  u!t:«>t'i  i;v  ^ '>;>»c  ^^'  :2v'  saoxe  power  in  the  voluntary 
iitn  II  iiiin  tiNi«  4  vM  I'v  ^  ;;-Kr  wi:iu.ii^  They  anastomose  in  many 
|i-iit,  I  (it>  iiiiit'i  ^tlM^i\'«-  k  'tv'  ?mrx!ii  ot  longitudinal  fibres  is 
(■.•t I  till  \M\U  k  .\Mt  :iv»;.t-  .>'i.tf^N*^M  .*£'  small  obtuse  processes,  filled 
\\i\U  )  )Mii|>\  «u'.«^\s  ixx-^  •  4x:  4%\i.>i.  t.::^  :'?n;imenible  pellucid  globules. 
In  lit xA  .   ..     :K     >«^.    yvn<k\:C»  .*£  dw  Limgmaiula  t<eniouieSj 

\  i,«..  I  u  >i>  n>:  )    .»  s   >  »;  N»    jvi- \'i*mcr!:  of  the  muscular  system 

III  til     .,»».  i.i.'i   »,   ^' .\vx«    N.*v   3A'rt:  obvious  elimination  of  the 

M  1 1  III  I  (ii>fii.>ii.  ^  \«:\x«t,   .(  .:v  ^^-vcntfAmMk  rfediate  from  a  distinct 

ii». .  ■  .|»ii  I,...  »i  ,  k  ^^:^s•^.      V  ■^xv^-<  :Jt«f  N^matoidea  the  great  StroH" 

.'■      « '    I  « IN.    .  ,  » .    ,.,>  .V.    \ .     *;.    iv :r:or.sn^tion  of  the  nervous 

I   '  '••       «     '«  '^       .,    »,,.x      ■   i;    ^.r**  ..:::s  tbo  b^inning   of  the 

•  ■•''  '  »•»  I  »  ■-.  »  ■  ^\^.  N  .>'...  XX'  :>o;a  ;:5  inferior  part,  and 
'  '  '»  »  •'»  I  •  ..  .  '  •  .>  •»..;  *v  :  fv-.c  of  the  ventral  aspect  to 
»'  I  I  "  K"%  ■  \  .-,  .  \  \\  >  1  %7\'  i  slight  swelling  is  formed 
'    •'    Mm  i\ *•    .1,     ,  t  .X  ^  •  v>.    :s  >urrounded  by  a  loop 

■    •  ..  ■«    I  •  i« ..  v\  .:*  X*  A .  .^  .   »     *;».*.;*  v>.orxi  vvrnmenoed-t     The 

•  '  till  .1  .\.  ..  ..,.*xi  .,;  :,-  ii'c  longitudinal  muscular 
••'  '  '"  »  -  .  .  .  \  ...  ,  ^.  x\,>.,  >«::^  :>.ou:  with  the  naked  eye  by 
"       ' '»  '       '■  "«. * •» .  >.'i  •.■>^>  m>.-.v-h  ii  sends  off  on  each 

•  '        I »'        \    ■  .   .v^  ^N  ,  \   y\  s .:  x*."?"**  rrv  sty  regular  intervals 

•  '    "»  '• '» -.-v  N    ,;N»N>:  -x^uitd  to  nearly  the  opposite 

» •       »    ii'     »     h        I  I,    ,  ....  s    ;n^*o..>  .-hord  in  the  female  of  the 

■  •'■               ,  i    ,      .**  .>.,    :.  ,t  v,:v'  of  tJ^c  vulva,  and  does  not 

''   •  J     »     :.«'  ■    1  I  A; ,    i»»  .:«,    ..;.;..  viir^^!  v^f  xht^  Vagina,  as  Cloquet 

*  "•       •* J i..i,s-  \.JM..*:  xlvivl  to  do  iiiitiQ  Afcaris  luM" 

*   •  ■  •■'         III   I  to.  i.iii.  I    ■vjsM^'x  H  doi'vil  ttorvous  chord  has  been 

■••*■■     li' in.t  t  ..iiiiii.i«si  !,\%}u   iNc  a^^n^ha^real  ring,  down  the 

*  •'     ,    II'.  Ml,   .ii   .  t  Ih.  r. 
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miildle  line  of  that  aspect  of  the  body  corresponding  to  the  ventral 
chord  on  the  opposite  aspect.* 

In  the  Linffuatula  tfenioides  (^0g*  4o.),  a  propor- 
tioimlly  large  ganglion  {g)  is  situated  immediately 
behind  the  moutli,  and  below  the  oBSOpbagus,  which 
is  turned  forward  in  the  figure  at  o :  small  nerves 
(^,  1,  k)  radiate  from  this  centre  to  supply  the  mus- 
cular apparatus  of  the  mouth  and  contiguous  pre- 
hensile booklets ;  and  two  large  cords  {I,  t)  pass 
backwards,  and  extend  along  the  sides  of  the  ab- 
dominal aspect  of  tlie  body  to  near  the  posterior 
extremity,  where  they  expand  and  are  lost  in  the 
muscular  tissue,  f  There  is  also  a  stomato-gastric 
system,  represented  by  fotir  small  but  distinct  gan- 
glions situated  on  the  under  part  of  the  o&sophagus, 
from  which  minute  filaments  extend  along  the  ali- 
mentary canal.  J  I  have  already  alluded  to  the  evi- 
dences of  the  nervous  system  afforded  by  the  ocelli 
in  the  young  of  some  species  of  Trematoda^  and  in 
the  full-grown  Poi^stoma  of  the  uriirary  bladder  of 
the  toad  and  frog*  We  have  as  yet  no  evidence 
that  any  species  of  Ctcleimintlta  possesses  rudi mental 
organs  of  vision  at  any  stage  of  existence. 

The  digestive  organs  are  very  simple,  and  are 
subject  to  little  variety  in  the  Nematoid  worms ; 
an  ample  alimentary  canal,  suspended  to  the  pa- 
ri etes  of  an  abdominal  cavity,  extends  in  nearly  a 
straight  line  from  the  mouth  to  the  anus,  which  are 
at  opposite  extremities  of  the  body. 

In  the  Filaria  the  mouth  is  a  simple  circular  pore, 
sometimes  surrounded  by  a  circle  of  radiated  papillae ; 
a  short  and  slender  oesophagus  suddenly  dilates  into 
the  stomach,  which  is  fusiforoi,  and  indicates  the  be- 
ginning of  the  intestine  by  its  posterior  contraction. 
The  mouth  of  the  Trkkoeephalm  di^par  is  small 
•  oCfe-  and  orbicular;  the  ccsophagus  is  narrow  and  short; 
UmuatuU.         the  intestinal  tube  is  narrow  and  sacculated  where 
'"•"***^         it  occupies  the  filiform  division  of  the  body,  dilated 
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•  Thia  srrajigtMnent  is  denied  by  Siebold,  who  confirms  cmlj  Uiat  above  de- 
•ciibed  in  the  Stremgj/lMM ;  and  he  does  not  hesitate  to  declfire :  —  **  Die  AltbiJdting: 
cifMSi  doppelcen  Nenrenfiiden,  wdcher  sicli  niu-h  Grant  {, Outlines  of  Oonip.  Auut., 
|k  IS6.  fi^.  S2.A,)t  darcb  den  I>eib  toq  Ascanfl  hinzieheu  soU^  ist  wol  nnr  tdnt 
iikale  Zelcbnnng."    XXIV.  p.  126. 
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luid  simple  in  the  thicker  division  of  the  bodj,  at  the  posterior  ex- 
tremity of  which  it  terminates  in  a  contracted  straight  tube,  which 
may  be  c4iUed  the  rectum :  the  anus  is  transverse  and  bilabiate. 

In  the  Sirongylus  gigtu  the  mouth  is  surrounded  by  nr  papillae. 
The  cesophagus  {h^fig*  44)  ia  round,  alightly  bent,  and  suddenly 
dilfttea  at  the  distance  of  about  an  inch  from  the  mouth  into 
the  intestinal  canal  (r) ;  there  is  no  gastric  portion  marked  oflT  in 
this  canal  by  an  inferior  constriction,  but  it  is  continued  of  uniform 
structure,  slightly  enlarging  in  diameter  to  the  anus  (rf).  The  chief 
peculiarity  of  the  intestine  in  this  species  is  that  it  is  a 
four-sided  and  not  a  cylindrical  tube,  and  the  mesenteric 
processes  pass  from  the  four  longitudinal  and  nearly  equi- 
distant angles  of  the  intestine  to  the  abdominal  panetes. 
These  processes,  when  viewed  by  a  high  magnifying 
power,  are  partly  composed  of  fibres,  and  partly  of  strings 
of  clear  globules,  which  appear  like  moniliform  vessels 
turning  around  the  libres*  The  whole  inner  surface  of 
the  ttbdorairml  cavity  is  be^et  with  soft,  short,  obtose, 
pulpy  processes,  which  probably  imbibe  the  nutriment 
exuded  from  the  intestine  into  the  general  cavity  of  the 
body  and  carry  it  to  the  four  longitudinal  vessels,  which 
traverse  at  equal  distaneea  the  muscular  parietes. 

The  analogous  processes  are  more  highly  developed  in 
the  A$caris  lumbricoides,  in  which  etpecies  I  shall  de- 
scribe the  digestive  and  nutritive  apparatus  more  in  detail. 
The  mouth  (Jig,  46,  a)  is  surrounded  by  three  tubercles^ 
of  which  one  is  superior,  the  others  inferior;  they  are 
rounded  externally,  triangular  within,  and  slightly  grana- 
lated  on  the  opposed  surfaces,  which  form  the  boundaries 
of  the  oral  aperture.  The  longitudinal  muscles  of  the 
body  are  attached  to  these  tubercles ;  the  doi*8al  fascicules 
converges  to  a  point  to  be  inserted  into  the  superior  one ; 
the  ventral  fasciculus  contracts,  and  then  divides,  to  be 
inserted  into  the  two  which  are  situated  below.  By 
means  of  these  attachments  the  longitudinal  muscles  serve 
to  produce  the  divarication  of  the  tubercles  and  the  open- 
ing of  the  mouth  :  the  tubercles  axe  approximated  by  the 
action  of  a  sphincter  muscle. 

The  ccaophagus  (^/1n/.  46*  if)  is  muscular,  and  four  or  five  lines  in 
length,  narrow,  slightly  dilated  posteriorly,  and  attached  to  the  mus- 
cular parietes  by  radiated  hlamenls.  Its  cavity  is  occupied  by  three 
longitudinal  ridges,  which  meet  in  the  centre  of  the  canal*  It  is 
separated  by  a  well-marked  constriction  from  the  second  part  of  the 
alimentary  tube  (c,  c),  which  extends  to  the  terminal  outlet  (J)  with- 
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onf  presenting  anj  natural  division  into  stomach  and  intestine.  The 
lower  third  of  the  tube  is  the  widest.  Numerous  long  pyriform  villi 
project  from  the  raucous  lining  of  the  alimentary  canal.  Many 
aimute  filaments  pass  from  the  intestine  to  the  soft  ohtuse  papillae 
which  project  from  the  walls  of  the  ahdomen  into  that  cavity,  and 
which  are  called  "the  nutritious  appendages"  by  Cloquet,*  The 
Dutriment  which  these  processes  or  appendages  are  presumed  to 
imbibe,  is  collected,  according  to  the  same  author,  into  two  canals, 
sitaated  each  in  a  nwrrow  tract  of  opaque  substance,  which  extends 
along  the  sides  of  the  body,  and  has  sometimes  been  mistaken  for  a 
oerrc,  and  which  Vallisnieri  believed  to  be  a  trachea.  Morren  has 
I&tely  described  and  figured  the  nutritive  appendages  as  hollow  ve- 
iidea  :  he  calls  them  **  Vesicuhs  aericnnes^*^  because,  he  says,  "  they 
evidently  subserve  respiration  by  furnishing  air  to  the  blood,"  Few 
physiologists  are  likely  to  acquiesce  in  this  view,  which  makes  the 
respiratory  apparatus  of  an  animal  having  no  other  atmosphere  than 
the  roephitic  gases  of  the  intestmal  tybe,  the  largest  and  most  ex- 
tensively developt?d  organ  in  the  whole  body. 

With  reference  to  the  organisation  of  the  nematoid  Entozoa,  not 
parasites  of  the  human  subject,  I  shall  limit  my  remarks  to  those 
structures  which  offer  interesting  approximations  and  analogies  to 
tlie  organisation  of  higher  vermiform  animals,  and  of  tlie  existence  of 
which  we  must  have  remained  ignorant  if  our  attention  had  been 
wholly  confined  to  the  human  Entozoa. 

The  entry  to  the  mouth  is  beset  by  a  circle  of  horny  teeth  in  the 
Sironffyius  armatuSf  Sir.  dentaiuSf  and  Sir,  tetrucanthuBy  for  the 
movements  of  which  special  muscles  are  provided^  In  Spiropiera 
tiromfyhna  the  whole  inner  surface  of  the  elongated  mouth  is  pro^ 
vided  with  a  spirally  disposed  horny  ridge.  The  horny  apparatus  by 
which  the  mouth  in  CucttUanits  is  opened  and  closed  is  very  com- 
plex*! '^^  pharynx  is  unusually  long  in  some  nematoids,  e.  g.  the 
Tfichoeephali :  and  in  Trichosoma  Falvonum  it  is  divided  into  many 
\  segments :  it  has  sometimes  a  horny  scabrous  lining. 

I  may  next  refer  to  a  secreting  apparatus,  consisting  of  four  slender 
blind  tubes,  each  about  two  lines  in  length,  which  are  placed  at  equal 
distances  around  the  commencement  of  the  alimentary  canal  in  the 
{rnaikmioma  wpinigerum^  a  small  nematoid  worm  closely  allied  to 
Si^am^lut^  which  I  discovered  in  the  tunics  of  the  stomach  of  a 
ltger.|  The  mouth  of  this  Entozoon  is  a  vertical  fissure,  bounded  on 
each  side  by  a  jaw-like  lip,  the  anterior  margin  of  which  is  produced 
ill  the  form  of  three  straight  horny  points.  The  secerning  tubes 
taiaiiiate  at  the  month  by  their  smaller  extremities,  and  there  pour 
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out  a  semi-pellucid  secretion.  Thej  are  as  simple  as  the  SD-ealled 
salivary  caeca  in  the  Holothuria  ;  and  their  coexisteoce  with  a  strue- 
turc  of  the  toouthi  better  adapted  for  trtturatioti  than  any  that 
seems  hitherto  to  have  been  detected  in  the  Eatozoa^  ia  conformable 
Willi  tire  laws  which  regulate  the  coexistence  of  the  salivary  ap* 
parntus  in  higher  animals.  Clo<|uet  supposes  that  the  tltickened 
glandular  parietes  of  llie  cesophiigus  in  the  Ascaris  Itanbricoidei  may 
provide  a  secretion  analogous  to  that  of  salivary  organs.  Dtesing^ 
lias  described  four  ceocal  tubes  analogous  to  those  in  Gnaiho^ioma  in 
species  of  his  genus  Cheiracanthus,  in  which  he  considers  Uiero, 
erroneously  according  to  Siebold,  to  be  analogous  to  the  ambulacral 
Tesicles  in  the  Echinoderms.  Mehlisf  has  also  figured,  in  the 
Stroffffylus  ht/postomttSf  two  white  orgnns  with  blind  extremities, 
which  are  extended  into  the  abdominal  cavity  on  each  side  the 
intestine,  and  which  nppeared  to  him  to  terminate  in  the  anlmal'a 
tnouth.  These  glnndtt  Mehlis  supposed  to  pour  out  an  irritating 
liquor^  whicli  excited  an  increase  of  the  secretion  of  the  mucous 
membrane,  to  which  the  parasite  was  attached.  Dr.  Bngge^,  has 
more  recently  described  a  pair  of  blind  secerning  tubes  in  the 
Strongylui  auricula ris  and  in  tln^Ancaris  acuminata ^  which  unite 
and  terminate  by  a  commtm  transverse  fissure  on  the  exterior  of  the 
animal,  at  a  short  distance  behind  the  mouth,  and  to  which  he  assigns 
the  same  irritating  office  as  that  attributed  by  Mehlis  to  the  glands 
in  the  Strongyius  hypostotnm* 

The  alimentary  tube  in  a  species  ot  Ascaris  infesting  the  stomach 
of  the  Dugong  is  complicated  by  a  single  elongated  caecum,  arising  at 
a  distance  of  half  an  inch  from  the  mouthi  and  continued  upward,  so 
that  its  blind  extremity  is  close  to  the  mouth.  From  the  position 
where  the  secretion  of  this  ciccum  enters  the  alimentary  canal,  it  may 
be  regarded  as  a  primitive  rudiment  of  the  liver. 

The  generative  organs  of  the  Coelelrainiha  are  more  simple  than  in 
the  androgynous  Sterelmintha,  or  even  than  in  the  dioecious  Echino- 
rhynchi  ;  yet  lliey  are  adapted  for  the  production  of  a  surprising 
number  of  fertile  ova.  In  llie  Limjuatuh  the  organs  of  both  sexes,  and 
especially  of  the  female,  are  more  complex  than  in  the  Nematoidea : 
I  fihalt,  however,  briefly  notice  them  before  proceeding  to  demonsti"ate 
the  parts  of  generation  in  the  human  coelelminthic  parasites, 

Tlie  male  Lingua itt In ^  as  in  other  dioecious  Entozoa,  is  much 
smaller  than  the  female:  the  generative  apparatus  consists  of  tw^o 
winding  seminal  tubes  or  testes,  and  a  single  vas  deferens,  which 
carries  the  semen  from  the  testes  hy  a  very  narrow  tube,  and  after- 
wards grows  wider.     It  communicates  anteriorly  with  two  capillary 
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processed,  or  penesy  which  are  connected  together  at  their  origin  by  a 
oordiform  glandular  bodj,  representing  a  prostate  or  Tesicubi  semi- 
mdis.  The  external  orifices  of  the  male  apparatus,  according  to 
Ifirun,  are  two  in  number^  and  are  situated  on  the  dorsal  aspect  of 
the  bodj  just  behind  the  head.  Diesing,  however,  describes  the  male 
PenlaUoma  as  having  onlj  a  single  penis,  which  protrudes  just 
behind  or  below  the  oral  aperture. 

The  female  generative  organs  of  the  lAnguatula  t€tnundes  present 
ft  stroeture  in  some  respects  analogous  to  that  of  the  Distoma  per- 
'oAmi :  the  ovary  {fig,  45.  fi)  is  a  part  distinct  from  the  tubular  ovi* 
doct,  and  is  attached  to  the  integument  or  parietes  of  the  body,  extend* 
ing  down  the  middle  of  the  dorsal  aspect.  It  consists  of  a  thin  stratum 
of  minnte  granules^  clustered  in  a  ramified  form  to  minute  white 
tobea^  which  converge  and  ultimately  unite  to  form  two  oviducts. 
'^^  (o,  o)  proceed  fix>m  the  anterior  extremity  of  the  ovary,  diverge, 
PftftB  on  each  side  of  the  alimentary  canal,  and  unite  beneath  the 
origins  of  the  nerves  of  the  body,  so  as  to  surround  the  oesophagus  and 
tl^tte  nerves  as  in  a  loop.  The  single  tube  (p)  formed  by  the  union 
of  the  two  oviducts  above  described,  descends,  winding  round  the  ali- 
^■■iontary  canal  in  numerous  coils,  and  terminates  at  the  anal  extremity 
of  the  body.  But,  besides  receiving  the  ova  from  the  two  tubes,  the 
single  canal  communicates  at  its  commencement  with  two  elongated 
Pjnform  sacs  (m,  m),  which  receive  from  the  male,  in  coitu,  the  semen, 
ftnd  convey  it  into  the  oviduct,  with  the  addition  of  a  mucous  secretion. 

He  niale  organs  in  the  Nematoidea  consist  of  a  single  and  simple, 
"feder,  elongated  tube  {fig.  44,  «,  e',  /),  or  testis  under  its  most 
elementary  form  of  a  sperm-duct,  which  is  merely  a  contracted  con- 
**naation  of  the  tubular  testis  of  a  seminal  reservoir,  which  is  a  wider 
W  of  the  same  tube,  and  of  a  single  or  double  intromittent  spicu- 
le with  its  prepuce,  or  bursa. 

"^e  spiculum  is  simple  in  the  genus  Filaria,  According  to  the 
observations  of  Dr.  Leblond*,  the  male-duct  in  the  Filaria  papiiiosa 
^^^Diinates  at  the  anterior  extremity  of  the  body,  close  to  the  mouth. 
«rom  this  aperture  the  slender  duct,  after  a  slight  contortion,  is 
ooDtinned  straight  down  the  body  to  a  dilated  elongated  sac,  which 
'^presents  the  testis.  In  the  Filaria  attenuata  the  blind  end  or 
ginning  of  the  testis  is  bifurcate. 

b  the  Trichacephalus  dispar  the  testis,  a  single  tortuous  tubule, 
oonamences  by  a  blind  extremity  near  the  rectum,  passes  forwards  to 
^  dilated  seminal  receptacle  at  the  anterior  part  of  the  thick  portion 
oHhe  body,  from  which  it  bends  backwards  nearly  the  whole  length 
of  the  thick  part,  constricted  at  irregular  intervals,  and  terminating 
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in  ft  narrow  straight  canal,  which  is  continued  into  the  tnveried 
p^rramidal  appendage,  or  bursa,  attached  to  the  hinder  extremity  of 
the  bodj,  from  which  the  single  spiculum  projects. 

In  the  Strongylus  gi^at  the  blind  b^inning  of  the  testis  is  usuallj 
found  in  the  anterior  half  of  the  body,  as  at  e  {Jig»  44.),  the  tube 
descend;^  into  the  posterior  half,  and  is  disposed  in  a  number  of  long 

\  eoilUt  reachiog  from  near  the  head,  «^,  to  the  taiL  One  part  of  the 
canal  is  wider  than  the  rest,  and  forms  a  kind  of  seminal  reserrotr. 
The  terminal  portion,  y^  is  slender.  The  bursa  or  sheath  of  the  penis 
forms  the  posterior  extremity  of  the  body,  and  is  a  cutaneous  produc- 
tion of  u  rounds  expanded  form,  d^  with  the  i^piculum  e,  projecting  from 
its  ceDtre.  In  other  species  of  Strongylus^  as  e.  g*  Strong,  injitxus^ 
the  bursa  penis  is  bifida  and  the  intromittent  organ  is  double:  both 
divisions  are  of  great  length  in  the  Stronggltu  paradoxus :  in  the 
Stronggius  artnatm  the  bursa  is  quadrifid.  The  Spiroptent  are  dis- 
tinguished by  the  aliform  membranous  caudal  appendage  in  the  male. 
In  the  Asvaru  lumbricoUUs  the  penis  projects  from  the  anterior 
part  of  the  anus  in  the  form  of  a  slender,  conicul,  slightly  curved 
process,  at  the  extremity  of  which  a  minute  pore  may  be  observed 
with  the  aid  of  the  microscope.  The  base  of  the  penis  communicates 
with  a  seminal  resenroir,  and  is  attached  to  several  muscular  fibred^ 
destined  for  its  retraction  and  protrusion  :  the  reservoir  is  about 
an  inch  in  length,  and  gradually  enlarges  as  it  advances  forwards :  the 

Lleatis,  or  seminal  tube,  extends  to  the  anterior  third  of  the  body, 
brming  numerous  convolutions  or  loops  about  tbe  intestine :  ita 
atlt'niiated  ctecal  extremity  adheres  closely  to  the  dorsal  wall  of  the 
abdomen.  The  total  length  of  the  seminal  tube  is  about  three  feet* 
In  the  Ascaru  mgstax  the  basal  half  of  each  long  and  slender  penis 
tuberculate   for   the   attachment  of  its  protractor  and  retractor 

"^tnuscles  :  the  apical  half,  which  alone  is  protruded,  is  a  slender 
transversely  striated  horny  spiculum*  Accessory  parts  to  aid  mecba* 
ni<"ally  in  the  coitus  are  added  to  some  of  these  limbless  vermiform 
parasites.  In  the  Ascaris  mgstax^  e.  g.,  there  is  on  cither  side  of  the 
concavity  of  the  caudal  end  of  the  body  a  tubercular  ridge  supporting 
a  membrane  which  is  finely  serrated,  and  gives  a  secure  hold  when 
the  tail  of  the  male  is  wound  round  that  part  of  the  female's  body 
where  the  vulva  is  situatetL 

The  first  steps  in  the  development  of  the  spermatozoa  of  the  Neraa- 
toidea  have  been  well  observed  by  Siebold  •  in  tlie  Atcatis  paucipara^ 
a  spocics  favourable  for  this  kind  of  research,  on  account  of  the  large 
size  oftlie  sperm -cells.  The  blind  end  of  the  tubular  testis  is  occupied 
by  cell-nuclei  (stellenkerne)  with  their  nucleoli  (kernkorperchen).    A 
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littlie  further  on  a  quantity  of  very  fine  granular  matter  is  added,  and 
the  cell-Duclei  become  severally  enclosed  (eiageliiillt)  by  the  fine 
gnnular  matter,  as  by  a  jolk  ;  around  which  envelope  a  cell* membrane 
is  farmed.  This  cell-wall  gradually  expands  ;  its  inner  surface  being 
Imed  by  a  layer  of  granules,  whilst  in  the  cavity  of  the  cell  the  granules 
Hare  liquified  and  disappeared*  As  these  changes  take  place  the 
cell-nucleus  becomes  developed  into  an  elongate,  sharply  defined 
©olid  corpuscle,  which  is  the  spermatozoon. 

The  observations  recently  communicated  to  the  Royal  Society  by 
Dr.  Nelson  •  on  the  development  of  the  spermatozoa  in  the  Ascaris 
mf9iis:r,  correspond  in  the  main  with  SiebokVs  description.  Dr.  N. 
^ods  the  blind  end  of  the  testis  composed  of  a  thick  membrane, 
which  becomes  resolved  at  its  inner  awrface  into  very  minute  granules, 
which*  when  liberated,  swell  out  into  nucleated  cells.  A  little  further 
oo  these  cells  are  obscured  by  an  immense  number  of  fine  granules, 
which  form  envelopes  for  the  cells»  Tliese  cells,  which  are  described 
lo  have  a  very  transparent  cell-wall  and  a  nucleus  attached  to  one 
tiiie,  uiawer  to  the  **zellenkerne"  of  Siebold,  According  to  Dr. 
Kebdn  no  farther  development  of  the  spermatozoon  goes  on  in  any 
^art  of  the  testis,  but  is  reserved  for  the  transmission  of  the  semen 
into  tlie  uterine  tube  of  the  female.  Here  he  describes  the  sperm-cells 
ftfl  being  deprived  of  their  granular  envelope  and  becoming  enlarged, 
Ibfiniiig  traiidpareDt  spheres,  with  a  discoid  nueleus  which  now  con- 
tailis  a  nucleolus*  The  granuhir  substance  of  the  nucleus  increases 
■ttd  prqjects  towards  the  centre  of  the  cell,  and  its  external  layer  is 
eoarerted  into  a  distinct  tunic,  where  it  is  in  contact  with  the  cell- 
wmlJ,  which,  as  the  nuclear  matter  increases,  sometimes  pushes  out  the 
eell*wall.  This,  however,  does  not  form  the  tail-part  of  the  sperma- 
tosooQ  in  Aic.  mi/stax :  the  change  of  the  conical  to  the  cylindrical 
fiMtn  of  the  progressively  elongating  nuclear  matter  takes  place  within 
llie  apertn-cell,  close  to  its  wall*     The  nuckolus  remains  in  the  en- 

J  Itfged  Of  clavate  end  of  the  bent  cylinder,  but  the  granules  disappear, 
Did  the  nucleus  is  transformed  into  a  flask -shaped  csecal  tubule,  which 
ia  liberated,  aa  the  spermatozoon,  by  the  liquefaction  of  tlie  surround- 
ing oell-walL  The  nucleolus  at  the  open  clavate  end  of  the  sperma- 
t0xocm  afterwards  disappears. 

Vwom  the  examples  which  have  been  adduced  of  dififerent  genera  of 
the  KematoideiL,   we   may  perceive   that  although  there  are  many 

I'VttHeliee  of  structure  in  the  copulative  part  of  the  male  generative 
«p|>antuiv  the  essential  or  secerning  portion  uniformly  consists  of  a 
itagUt  titbe.  A  like  uniformity  of  structure  does  not  obtain  in  the 
Maeniia]  parta  of  the  female  organs :  in  a  few  instances  the  ovary  is 
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single,  corresponding  to  the  testis  in  the  male,  but  in  the  greater 
number  of  the  nematoid  worms  it  consists  of  two  filamentary  tubes. 

The  Strongylus  giyas  is  an  example  of  the  more  simple  structure 
above  alluded  to.*     The  single  ovary  commences  by  an  obtuse  blind 
extremity  close  to  the  anal  extremity  of  the  body,  and  is  firmlj 
attached  to  the  termination  of  the  intestine;  it  passes  first  in  a  stnigirt 
line  towards  the  anterior  extremity  of  the  body,  and,  when  aniTsd 
to  within  a  short  distance  from  the  vulva,  is  again  attached  to  the 
parietes  of  the  body,  and  makes  a  sudden  turn  backwards ;  it  then 
forms  two  long  loops  about  the  middle  of  the  body,  and  returns  again 
forwards,  suddenly  dilating  into  an  uterus,  which  is  three  indies  in 
length,  and  from  the  anterior  extremity  of  which  a  slender  cylindrietl 
tube  or  vagina,  about  an  inch  in  length,  is  continued,  which,  after 
forming  a  small  convolution,  terminates  in  the  vulva,  at  the  distance 
of  two  inches  from  the  anterior  extremity  of  the  body. 

In  the  Trichocephalus  dispar  the  ovarium  and  uterus  are  conti- 
nuations of  one  and  the  same  single  tube,  which  by  its  folds  more  or 
less  conceals  the  intestines ;  the  vulva  is  situated  nearly  at  the  juDctkA 
of  the  filamentous  with  the  thick  part  of  the  body.  The  female  ge- 
nerative tube  is,  also,  single  in  Trichotama^  in  Sphigrulariaf  in 
Filaria  rigida^  and  in  Ascaris  paucipara. 

The  theory  which  had  suggested  itself  to  Rudolphi,  of  the  correls- 
tion  of  a  simple  oviduct  in  the  female  with  the  spiculum  simplex  o^ 
the  male,  and  of  the  double  oviduct  with  a  spiculum  duplex,  is  6^ 
proved  by  the  circumstance  of  the  uteri  and  oviducts  being  doul>^^ 
in  the   Strongylus  armatus  and  in  the  Ascaris  lumhricoides^  in  tl^® 
males  of  which  the  penis  is  a  single  spiculum.     In  the   Sirongyl^ 
inflexusy  which  infests  the  bronchial  tubes  and  pulmonary  vessels  ^^ 
the  porpoise,  each  of  the  two  female  tubular  organs  may  be  divid^^ 
into  ovary,  oviduct,  and  uterus;  the  ovary  is  one  inch  in  lengtf'^ 
commences  by  a  point  opposite  the  middle  of  the  body,  and,  af^^^ 
slightly  enlarging,  abruptly  contracts  into  a  capillary  duct  about  tw^^ 
lines  in  length,  which  may  be  termed  the  oviduct  or  Fallopian  tub^^ 
and  this  opens  into  a  dilated  moniliform  uterus  three  inches  in  length  ^ 
Both  tubes  are  remarkably  short,  presenting  none  of  the  convolution^ 
characteristic  of  the  oviducts  of  Ascaris  and  Filaria^  but  extend  u^ 
a  straight  line  (with  the  axception  of  the  short-twisted  capillar^ 
communication  between  the  ovaria  and  uteri)  to  the  vulva,  whiclB- 
forms  a  slight  projection  below  the  curved  anal  extremity  of  the 
body.     The  reason  of  this  situation  of  the  vulva  seems  to  be  the 
fixed  condition  of  the  head  of  this  species  of  Strongylus,     In  both 
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It  IS  commonly  imbedded  bo  tightly  in  a  eondeDsed  portion  of 

t  {lertpherj  of  the  lung*  as  to  be  with  difficylty  extracted  ;  the  anal 

'  eztreauty,  on  the  contrary,  hangs  freely  in  the  larger  branches  of 

file  bronchi,  where  the  coitus,  in  consequence  of  the  above  disposition 

of  the  female  organs^  may  readily  take  place. 

In  the  Strong t/l as  armatus^  the  two  oviducts 
terminate  in  a  single  dilated  yleru?,  and  the  vulva 
Id  situated  at  the  anterior  extremity  of  the  body, 
close  to  the  mouth. 

I  find  a  similar  situation  of  the  vulva  in  a  species 
of  Filarial  about  thirty  inches  in  length,  which 
infests  the  abdominal  cavity  of  the  Mhea^  or  Ameri- 
can ostrich.  The  single  portion  of  the  genital 
tube  continued  frorai  the  vulva,  is  one  inch  and 
a  quarter  in  length ;  it  then  divides,  and  the  two 
oviducts,  after  forming  several  interlaced  convolu- 
tions in  the  middle  third  of  the  body,  separate ; 
one  extends  to  the  anal,  the  other  to  the  oral  ex- 
tremities of  the  body,  where  the  capillary  portions 
of  the  oviducts  respectively  commence. 

In  the  Ascarijt  vemnctilaris^  the  vulva  (Jig, 
47,  e)  IS  situated  obout  one  fourth  of  the  length  of 
the  body  from  the  head.  One  division  or  horn 
of  the  uterus,  with  its  capillary  ovarium,  passes 
towards  the  forepart  of  the  body ;  the  other  di- 
vision  towards  the  opposite  end. 

In  the  Ascaris  Ittmbricmdes  the  female  organs 
i^g.  46.)  consist  of  a  vulva,  a  vagina,  and  a  uterus, 
which  divides  into  two  long  tortuous  oviducts, 
gradually  diminishing  to  capillary  tubes,  which 
form  the  ovnria.  Both  divisions  extend  back- 
wards from  the  point  of  bifurcation.  All  these 
parts  are  remarkable  in  the  recent  animal  for 
their  extreme  whiteness.  The  vulva  is  situated 
on  the  ventral  surface  of  the  body,  at  the  junction 
of  the  anterior  and  middle  thirds  of  the  body, 
which  is  generally  marked  at  that  part  by  a  slight 
constriction-  The  vagina  k  a  slightly  wavy  canal 
li%^e  or  six  lines  in  length,  which  passes  beneath 
the  intestine,  and  dilates  into  the  uterus*  Tliis 
manifests  strong  peristaltic  motions  in  the  living 
worm.  The  division  of  the  uterus  soon  takes  place,  and  the  cornua 
extend  with  an  irregularly  wavy  course  to  near  the  posterior  extremity 
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of  the  boJr.  gradiullj  diminisliing  ia  sixe;  tLej  are  then  reflecCi 
forwards,  as  the  ovaria.  and  form  nameroos^  and  ^>parentlj  inexti 
cable  coils  about  the  two  pofterior  thirds  of  the  intestine.  The  Tagio 
like  the  uterus^  is  lined  bj  flat  nucleated  epithelial  oellfl. 

In  Curuilamtu  elegatu  and  C  microeepkaUu  the  uterus  is  bifii 
but  00 1 J  one  of  the  divisions  is  prolonged  into  the  capillary  ovarion 
tlie  other  horn  terminates  abruptlj  in  a  blind  end.  In  Asearis  mkn 
ctpkala  Siebold  found  the  uterus  to  divide  into  three  homsieid 
of  which  was  produced  into  an  orarium:  and  in  Fllaria  UMak 
Nathusius  saw  the  uterus  divided  into  five  tnbes.* 

In  the  Sematoidea  the  male  individual  is  alwajs  smaller,  an 
sometimes  di^proportionatelv  so,  than  the  female.  At  the  sessoo  o 
rf^production,  the  anal  extremity  of  the  male  is  usually  bent  room 
the  part  of  the  body  where  opens  the  vulva  of  the  female,  to  which  i 
attaches  itself  by  the  intromission  of  the  single  or  douUe  8picaliuii,tiM 
by  the  adhesion  of  the  Furrounding  tumid  labia,  or  of  aecessory  denm 
appendages.  As  the  vulva  of  the  female  is  generally  situated  it  x 
distunce  from  either  extremity  of  her  body,  the  male  so  attached  ha 
sometimes  the  appearance  of  a  branch  or  young  individcud  sentd 
by  gemmation  at  an  acute  angle  to  the  body  of  the  female. 

The  evidence  of  the  fertility  of  the  compound  cestoid  Entoaoa  wa 
sufficiently  marvellous.  That  which  I  have  now  to  adduce,  from  i 
calculation  made  by  Dr.  Eschricht  in  reference  to  the  Atcaru  bm 
bricoith'Sy  the  commonest  intestinal  parasite  of  the  human  spedesi  i 
scarcely  less  surprising.  The  ova  are  arranged  in  the  ovarian  tube 
like  the  flow(*r<?  of  the  plantago,  around  a  central  stem  or  rachif 
There  arc  fifty  in  each  circle ;  that  is  to  say,  you  might  count  fift 
ova  in  every  transverse  section  of  the  tube.  Now  the  thickness  c 
eucli  ovum  is  I'oOO  of  a  line,  so  that  in  the  length  of  one  line  thex 
are  .300  wreaths  of  fifty  eggs  each,  or  25,000  eggs  I  The  length  < 
each  ovarian  tube  is  sixteen  feet,  or  2,304  lines,  which,  for  the  tn 
tubes,  gives  a  length  of  4,G08  lines.  The  eggs,  however,  gradual! 
increase  in  size  so  as  to  attain  the  thickness  of  -^^  of  a  line ;  f 
thereiore  have,  at  the  lower  end  of  the  tube,  sixty  wreaths  of  ova,  < 
«),000  ova  in  the  extent  of  one  line.  The  average  number,  throuj 
the?  whole  of  the  extraordinary  extent  of  the  tube,  may  be  given 
11-,CXX)  ova  in  each  line,  which  gives  sixty-four  millions  of  ova  in  ti 
mature  female  Ascaris  lunibricoides  ! 

The  embryo  is  not  developed  within  the  body  in  this  species :  t 
ova  may  be  discharged  by  millions  ;  and  most  of  them  must,  in  lar 
cities,  be  carried  into  streams  of  water.     An  extremely  small  pi 

♦  XXIV.  p.  151. 


Ill 


fiartioa  is  erer  likely  to  be  again  introduced  into  the  alimentary  canal 
of  that  species  of  animal  which  can  afford  il  an  appropriate  habitat. 
The  remainder  of  the  germs  doubtless  serve  as  food  to  numerous 
miniile  inhabitants  of  the  water;  and  the  prolific  Entozoa  may  thus 
scrre  these  little  creatures  in  the  same  relation  as  the  fruitful  Cerealia 
in  the  T^etable  kingdom  stand  to  higher  animals,  ministering  less  to 
the  perpetuation  of  their  own  species  than  to  the  sustenance  of  man. 

The  nexnatoid  Entozoa  present,  perhaps,  the  moat  favourable  sub- 
jeetA  for  studying^  with  the  requisite  attention,  the  successive  steps  of 
iiiipregiiation»  and  of  the  processes  by  which  the  germinal  vesicle  and 
jolk  become  finally  transmuted  into  the  young  and  active  worm. 

I  described  and  showed  diagrams  of  some  of  these  changes  in  the 
ora  af  the  Srongylus  in/hxm  in  my  lectures  on  Greneration  in  1840. 
The  subject  has  been  carefully  prosecuted  by  Professors  Siebold  • 
and  KoUikert,  froiB  observations  made  upon  the  ova  of  the  Sfron- 
tauricularu  and  the  Ascaiia  acuminata,  both  of  them  viviparous 
of  Ncmaioideay  and  subsequently  by  Dr.  Nelson  with  great 
!  and  ability,  in  the  oviparous  Ascaris  my  si  ax. \ 

The  blind  end  of  the  tubular  ovarium  detaches  from  its  inner 
vitrlaee,  and  contains,  minute  round  cells,  which,  as  they  proceed 
along  the  tube,  enlarge,  become  nucleated,  and  surrounded  by  a 
ineljr- granular  yolk  matter^  in  which  the  cell  floats  as  the  *ger- 
ntimt  Tesicle '  with  its  nucleus.  In  the  more  advanced  part  of  the 
oraritim,  these  ova  are  discoid,  of  an  irregular  form,  and  disposed 
elclier  in  simple  rows,  one  behind  another,  or  are  grouped  round  a 
Blem  or  rachis  in  the  centre  of  the  tube,  according  to  the  species. 
In  the  oviduct,  the  ova  acquire  a  colourless  chorion,  the  secretion  of 
that  tube.  A  short  diverticulum  proceeils  from  each  pole  of  the 
^gg  in  Trichosoma  and  Trichocephnltis. 

lo  the  fundus,  or  beginning  of  the  uterus,  much  seminal  matter  is 
neennulated  in  the  impregnated  females.  §  Dr.  Eschricht  describes 
fiftj  ova  as  forming  a  single  whorl  or  wreath  in  the  Ascaris  lumhri- 
etrideg :  but  in  the  Ascaris  mjt/stax  Dr.  Nelson  found  but  four  flat- 
leoed  ova  in  the  same  plane,  filling  the  transverse  section  of  the 
orarian  tube.  They  assume,  by  mutual  pressure,  a  triangular  form 
with  the  rounded  base  next  the  walls  of  thu  tube.  In  (he  contracted 
part  of  the  canal,  answering  to  that  which  I  have  called  *^  oviduct  ^ 
in  the  Sirongylua  inflexus  [|«  the  ova  in  the  A.  mt/stax  become 
aeparated,  and  pass  in  single  file  to  the  uterus,  altering  their  form 
dttfing  the  passage,  in  which  they  first  meet  the  spermatozoa ;  but 
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whether  these  be  present  in  the  oviiluct  or  noti  the  fallowing  ch 
take  place.  Tlie  ovum  becomes  spheroiilal  and  acquires  a  chorion  f' 
the  vitelline  granules  become  smaller;  the  germinal  vesicle  disappears ; 
and  a  number  of  large,  transparent^  oil-like  globules  appear^  probably^ 
the  combined  result  of  the  eondenaation  of  the  yolk  granulea  anil 
the  difFustid  contents  of  the  germinal  vesicle.  The  oil-like  globule 
approach  the  circumference  of  the  ovum»  and  disappear ;  the  con 
densed  jolk-mass  assumes  a  spherical  form  in  the  centre  of  the  e^g ; 
and  the  membrana  vitelli  is  now  recognised  surrounding  it,  divide 
by  a  clear  fluid  from  the  chorion.  If  impregnation  have  not  pr 
viously  taken  place,  the  chorion  is  granulated,  and  such  ova  perisli 
without  undergoing  further  developmental  change,  • 

When  impregnation  has  taken  place,  the  narrow  oviduct  is  EUed 
by  the  flask -shaped  spermatozoa,  and  the  ovum,  as  it  passes  singly 
into  it  from  the  ovarium,  becomes  surrounded  by  them.     They  indent 
the  previously  woU-dellned  surface  of  the  teuacioaa  granular  yolk, 
bury  themselves   in  it,  and   partially  break   it   up  in   the   process. 
Sometimes  only  one  spermatozoon  is  thus  seen  embedded  ;  but  more 
commonly  several  spermatozoa  penetrate  the  same  ovum.     The  ger- 
minal vesicle  can  be  faintly  recognised  in  some  of  these  so  penotratedj 
ova.     As  the  ova  proceed  along  the  impregnated  oviduct,  the  chorion 
begins  to   be   formed,  as   in  the  unimpregnated  one.     It  appears  at 
first  upon  the  smooth  unperforated  parts  of  the  ovum,  and  afterward* ' 
covers  the  ruptures  themselves,  and  incloses  the  spermatozoa  with 
the  yolk  and  its  germinal  vesicle.     The  inclosed  spermatozoa  now 
lose  their  characteristic  form,  and  swell  into  irregular  masses  having 
a  distinct  outline,    and,    being   highly   refractive,    give   a   mottled 
appearance  to  the  contents  of  the  egg.     They  are  then  gradualljTj 
resolved   into   a  transparent  fluid,  diflTused,  and  effect  changes,  bj 
partial  solution,  on  the  yolk  granules  themselves,  these  changes  pro-" 
ceeding  from  the  surface  towards  the  centre.     The  germinal  vesicle^ 
remains  for  a  while  in  the  centre  of  the  ovum,  more  or  less  ear 
rounded  by  the  undissolved  yolk  granules,  whilst  the  egg  acquires' 
one  or  two  additional  layers  of  the  chorion  secreted  by  the  oviduct. 
The  germinal  vestcle  then  ruptures  or  disappi^ara ;  but   its  nueleus^l 
with  a  now  visible  nucleoluSj  remains.     The  rupture  of  the  germinal  ■ 
vesicle  is  followed  by  a  cliange  in  the  character  of  the  remaining  yolk 
granules,  which  become  larger,  less  opaque,  and  float  more  loosely  in 
the  fluid.    The  nucleus  begins  to  swell  out  into  a  transparent  cell  —  the 
**  primary  germ-ceU/'f — of  which  the  former  nucleolus  is  now  tfafi 
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nudens ;  and  the  surrounding  granules  are  aggregated  about  it  by 
the  formation  of  a  yolk  membrane,  which  compresses  them  into  a 
spherical  mass,  the  clear  fluid  being,  as  it  were,  filtered  through,  as 
the  membrane  contracts,  into  the  interspace  between  the  germ-mass 
and  the  chorion.     In  this  state  the  egg  quits  the  parent  in  the  Asc. 

The  subsequent  changes  observed  by  Dr.  Nelson  in  this  species 
accord  with  those  which  have  been  described  by  Barry,  in  the  mam- 
miferous  ovum  *,  and  by  Siebold  f,  Kolliker  J,  and  other  observers,  in 
the  impregnated  ova  of  the  Entozoa  and  other  invertebrate  animals. 
The  nucleus  of  the  primary  germ-cell  (/^.  48,  a)  first  divides.  Its 
^vision  (Jig.  49.)  is  followed  by  that  of  the  germ- cell  itself  (^.  50.) ; 
and  the  two  "  secondary  germ-cells"  (^.  51,  by  b)  thus  established. 


Development  of  Ascaris  acuminata.    LXXXV. 

recede  to  opposite  ends  of  the  germ-yolk.  Dr.  Nelson  has  observed 
that  these  germ-cells  revolve  in  circles,  each  appearing  to  mould  its 
portion  of  the  germ-yolk  into  a  spherical  form  ;  and  he  considers  the 
subsequent  division  of  the  germ-yolk  to  be  a  mechanical  effect.  §  By 
its  division,  two  germ-yolks,  each  with  its  nucleated  germ-cell,  result 
(^.  52.).  The  division  of  the  germ- cell  takes  from  five  to  ten 
hours ;  the  subsequent  one,  of  the  yolk,  not  more  than  half  an  hour, 
in  the  Asc.  mystizx.  By  the  repetition  of  this  process,  as  mjigs.  53, 
54,  55,  the  number  of  derivative  germ-cells  increases  in  the  geome- 
trical ratio  of  4,  8,  16,  64,  128,  256,  &c.,  until  the  whole  egg  appears 
to  be  filled  by  opaque  spherical  granules  {Jig.  56.)y  each,  however, 
having  its  share  of  the  original  impregnated  germ-cell.  A  membrane 
is  then  formed  around  the  germ-mass. 

In  the  ova  of  Nematoidea,  many  of  which  are  viviparous,  the 
embryo  is  developed  by  two  different  modifications  of  the  diffusive 
process  by  multiplication  of  germ-cells  from  the  primary  central  one: 
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in  the  one  process  the  successive  division  of  the  germ-cells  goes  on 
without  a  corresponding  cleavage  of  the  jolk,  but  this  is  penetrated 
by  the  multiplying  germ-cells,  is  absorbed,  assimilated,  and  converted 
into  the  matter  of  such  germ-cells :  in  the  other  process  the  attractive 
force  of  the  germ -nuclei  seems  to  be  greater ;  the  whole  yolk  is  divided 
by  the  first  bipartition  of  the.  original  germ-cell,  and  is  afterwards 
assembled  around  these  divisions,  as  they  successively  arise,  as  in  Jlffi. 
52 — /3(>.  The  subdivisions  of  the  yolk  decrease  in  size  as  they  aug- 
ment in  number,  and  the  vitelline  matter  is  at  length,  by  the  reiterated 
I)roce8Scs  of  developcmcnt,  liquefaction,  and  assimilation  of  nucleated 
cells,  sufTicicntly  subdivided  and  refined,  and  each  subdivision  or  cell, 
by  the  concomitant  partition  of  the  clear  spermatic  nucleus  or  hya- 
line, has  become  adequately  vitalised  or  fertilised,  so  as  to  be  ca- 
pable of  its  further  metamorphosis  into  the  appropriate  tissues  of  the 
embryo  worm. 

So  far  the  process  is  essentially  the  same  with  that  in  all  other  ova 
up  to  the  mammal,  and  without  doubt  in  man.  The  materials  for  the 
future  being  are  accumulated  in  a  duly  subdivided  state,  like  the 
bricks  or  hewn  stones  collected  for  the  builder  to  operate  on  nnder 
the  guidance  of  the  architect.  With  regard  to  the  rough  material  for 
formation  of  the  Ascaris,  a  depression  first  appears  on  one  side  of  the 
minutely  subdivided  germ-mass,  which,  as  this  deepens,  assumes  the 
form  first  of  a  cup,  and  then  of  a  ring :  the  space  so  formed  between  the 
germ-mass  and  the  chorion  becomes  filled  by  a  clear  fluid.  The  ring 
n<'xt  pn'.m?nts  a  constriction  at  one  point,  which  divides  and  transforms 
it  into  a  cylinder  with  two  equal  obtuse  ends  in  apposition  {^g.  57.). 
Uy  the  len^tliening  and  attenuation  of  the  cylindrical  mass,  the  ends 
overlap  and  tin;  ring  assumes  the  character  of  a  coil  {^.  58.) ;  and 
now  Bomcthing  like  an  integument,  containing  a  fine  granular  tissue, 
may  be  discerned.  Further  elongation  and  attenuation  produce  one  or 
two  spiral  coils,  and  a  greater  clearness  of  the  tissues  of  the  embryo 
worm  makes  its  character  plainly  manifest  (^g,  59.).  In  the  Ascaris 
at  tliis  period  the  characteristic  thrce-lobed  mouth  may  be  discerned; 
and  soon  after  the  alimentary  canal  can  be  distinguished  from  the 
intefruincnt,  both  having  been  formed  by  the  subdivision  and  meta- 
morphosis of  the  primitive  cells.  The  young  animal,  thus  built  up, 
now  bcf^ins  to  move  briskly  within  the  egg-membrane,  assimilates  the 
remaining  vitelline  mass,  and  is  soon  strong  enough  to  burst  its  prison, 
and  commence  its  independent  career  of  existence. 

The  Entozoa  are  liardly  less  remarkable  for  their  tenacity  of  life 
and  revival  from  a  state  of  apparent  death  than  the  Infusoria,  and  the 
knowledge  of  this  property  is  indispensable  to  a  fair  estimation  of  the 
chances  of  the  rc-introduction  of  the  ova  of  Entozoa  into  the  bodies 


SNTOZOA.  115 

of  living  animals.  In  no  class  of  animals  has  the  origin  from  equi- 
Tocal  generation  been  more  strenuously  contended  for  than  in  regard 
to  the  Entozoa.  The  great  entozoologists  Rudolphi  and  Bremser  were 
adYocates  of  this  doctrine ;  and  Bremser  did  not  scruple  to  charge  the 
Berlin  Professor  with  a  physiological  heresy,  when  he  ventured  to 
accoont  for  the  high  organisation  of  certain  Ligulse  infesting  pisci- 
Torons  birds,  by  the  hypothesis  that  they  had  been  developed  from 
the  lower  grade  which  they  previously  exhibited  in  the  cold-blooded 
fishes  swallowed  by  the  birds,  through  the  stimulus  of  the  heat  and 
nutritious  secretions  of  the  more  comfortable  intestinal  domicile  into 
which  they  had  thus  been  accidentally  introduced. 

The  advocates  for  the  equivocal  generation  of  the  Entozoa  adduce 
the  fact,  that  herbivorous  manmials  are  not  less  subject  to  Entozoa 
than  carnivorous  ones;  and  how,  they  inquire,  could  the  ova  of 
Entozoa  be  preserved  in  the  water  that  serves  as  the  drink  of  such 
animals  ?  Or  how,  having  become  dried  in  the  air,  could  such  ova 
afterwards  resume  the  requisite  vitality  for  embryonic  development  ? 
We  may  admit  that  the  ova  of  Entozoa  could  not,  like  the  much  more 
minute  germs  of  Polygastria,  remain  suspended  in  the  atmosphere, 
since  they  are  specifically  heavier  than  water ;  but,  with  respect  to 
their  powers  of  retaining  dormant  life,  we  have  sufficient  analogical 
evidence  to  reject  the  assumption  that  they  soon  fall  into  decomposi- 
tion. Dr.  Nelson*  found  that  he  could  best  observe  the  develop- 
ment of  the  ova  of  the  Ascaris  mystax  by  placing  the  females  entire  in 
spirit  of  turpentine  for  two  or  three  weeks,  at  the  end  of  which  the 
ovaries  were  found  distended  with  ova  containing  young  worms,  not 
only  fully  developed  but  alive,  and  endeavouring  to  rupture  the 
chorion  by  tightening  the  coils  of  their  spiral  and  suddenly  reversing 
them. 

Mr.  Bauer  has  recorded  many  experiments  on  the  Vibrio  tritici^ 
or  parasite  of  wheat,  a  minute  worm  possessing  the  essential  organi- 
sation of  the  Nematoidea,  not  less  remarkable  in  their  results  than 
those  of  Spalanzani  on  the  Rotifer ;  the  Yibriones  were  dried,  and 
when  re-moistened,  after  the  lapse  of  four  to  seven  years,  they 
resumed  their  living  and  active  state.  De  Blainville  states  that  the 
FUaria  papulosa  revives  from  a  similar  state  of  torpidity  produced 
by  desiccation. 

It  has  been  proved  that  the  mature  Entozoa  will  resist  the  effects  of 
destrnctive  agents,  as  extremes  of  heat  and  cold,  to  a  degree  beyond 
the  known  powers  of  endurance  of  the  Rotifera,  and  which  would 
be  truly  surprising  were  not  the  simplicity  of  the  organisation  of  the 
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EntoKoa  taken  into  account.  A  nematoid  wonn  hiLs  been  seen  io 
exlubit  strong  contortions  —  evident  vital  motions — after  haTing 
been  subjected  above  an  hour  to  the  temperature  of  Ixnling  water, 
with  a  codfish  which  it  infested ;  and,  on  the  other  hand,  Badolphi 
relates  that  the  Entozoa  of  the  genus  Capsularia^  which  infest  the 
herrings  that  are  annually  sent  to  Berlin,  hard  frozen  and  fwdrad 
in  ice,  do,  when  thawed,  manifest  unequivocal  rigns  of  restorad 
vitality.  If,  then,  the  fully  developed  and  mature  EntOBoa  can 
resist  such  powerful  extraneous  causes  of  destruction,  how  modi 
more  must  the  ova  possess  the  power  of  enduring  such  without  losing 
their  latent  life ! 

Burdach,  who  has  sunmied  up  the  evidence  at  great  length  in 
favour  of  the  equivocal  generation  of  the  Entosoa,  adduces  the 
example  of  the  oviparous  species  as  involving  the  limitation  of  the 
offspring  to  the  lifetime  of  the  individual  which  they  themsdves 
infest ;  but  on  this  point  Dr.  Elschricht  has  well  observed  that  the 
transmission  of  the  living  young  of  the  Stnmgyhu  infleanu  from  one 
porpoise  to  another  is  readily  explicable.  This  species  of  Stramffybu 
lives  in  the  bronchial  tubes,  with  its  head  immersed  in  the  sobrtanoe 
of  the  lungs,  and  its  tail  extended  into  the  larger  branches  of  the 
trachea.  The  living  young  must  naturally  escape  into  the  moQtb, 
and,  as  porpoises  are  gregarious,  the  young  worms  would,  by  a  short 
passage  through  the  water,  readily  be  introduced  into  the  mouth  of 
another  porpoise,  and  so  reach  the  trachea. 

The  young  of  most  Entozoa  are  subject  to  metamorphoses.  I  have 
already  alluded  to  those  of  the  Cestoidea,  in  which  the  embryo  assumes 
the  form  of  an  echinococcus,  the  bead  being  provided  with  six  hooks. 
So  armed  it  is  enabled  to  attach  itself  to  the  species  of  animal  in  which 
it  becomes  encysted  and  undergoes  its  next  transformation :  and  such 
species,  being  the  food  of  the  higher  organised  animal  in  which  the 
ultimate  metamorphosis  of  the  taenia  takes  place,  the  pupal  tape-worm 
is  in  that  way  introduced  into  its  final  abode.  So  far  as  observations 
have  yet  gone,  two  different  animals,  having  the  mutual  relation  of 
prey  and  devourer,  are  subordinated,  so  to  speak,  to  the  well-being  of 
each  species  of  tape- worm.  The  metamorphoses  of  the  Trematoda  are 
still  more  astonishing,  and  the  locomotive  condition  of  the  earlier  phases 
of  the  Distoma  evidently  relate  to  the  securing  their  entry  into  the 
animal's  body,  which  they  are  destined  either  temporarily  in  a  larval 
state,  or  permanently,  to  infest.  Siebold  has  noticed  the  difference 
of  form  between  the  young  of  the  Ecbinorhynchi  and  their  viviparous 
parents ;  and  this  difference  was  so  great  in  regard  to  the  viviparous 
Itlaria  medinensis,  that  Dr.  Jacobson  was  led  to  suppose  its  multitu- 
dinous progeny  to  be  parasites  of  the  parasite.    Dr.  Eschricht  has 


EKTOZOA.  *  117 

obserred,  that  the  flesh  of  fishes  in  summer  is  often  studded  with 
Bnall  worms,  which,  in  one  instance,  he  ascertained  to  be  Echino' 
rh/ndd;  and  he  suggests  whether  it  may  not  be  the  breeding-place  of 
neh  species,  and  whether  the  Trichina  spiralis  may  not  belong  to 
tte  same  category.  But  how  these  embryos  (if  they  be  embryos)  are 
fiffiued  through  the  intermuscular  cellular  tissue,  can  only  be  known 
after  long  and  laborious  investigations ;  and  nothing  is  more  true  than 
^  a  {HUticular  inquiry  will  be  required  for  each  particular  species. 

Summary  of  the  Classes^  Orders,  and  Families  of  the  Entozoa  of 


Class  STEBELMINTHA. 

The  nutrient  canals  or  cavities  excavated  in  the  parenchyme  of 
the  body. 

Order  T^snioidea. 
Hie  head  provided  with  two,  four,  or  six  acetabula,  and  usually 
*ith  qiines,  either  sessile  or  placed  on  a  proboscis,  or  on  tentacula. 

Family  Cystica. 
No  organs  of  generation ;  body  terminated  by  a  bladder  filled  with 
fluid.    (All  are,  probably,  tsenioid  larvae.) 
Genera  :  Echinococcus^  Comurus,  Cysticercus. 

Family  Scolecidjb. 

Body  short,  or  moderately  long  ;  sometimes  partially  vesiculated, 
Qsoally  encysted ;  no  generative  organs.     (All  are,  probably,  larvae.) 

Grenera :  AnthocephaltUy  Dibothriorhynchus,  Floriceps,  GymnO' 
rkymchuSf  ITepatoxylon,  JRhynchoboihrinm,  Scotex,  Tentacularia, 
Tetrarhynchtu  (many  species). 

Family  Ligvljdjb, 
Acetabula  and  spines  obsolete  ;  body  solid,  depressed,  long,  with  a 
longitudinal  furrow,  not  jointed,  but  finely  striated  transversely. 
Grenus :  Ligtda,    (Those  of  fishes  are,  probably,  larvae.) 

Family  Cestoidea, 

Body  long,  depressed,  jointed,  with  male  and  female  organs  com- 
bined in  each  of  the  mature  segments. 

Genera :  Tetrarhynchus  (certain  species)^  BothriocephaluSy  TtBniOy 
CaryophylkBUS. 

Order  Tbbmatoda. 
Body  generally  depressed,  not  jointed,  with  one  or  more  acetabula ; 
mouth  an  unarmed  pore,  from  which  a  bifurcate  or  branched  alimen- 
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tarj  canal  is  continued,  rarelj  provided  with  a  vent.  Male  and 
female  organs  in  the  same  individual;  impregnation  by  reciprocal 
coitus. 

Sub-order  Pendularia. 

Integument  not  ciliated  and  no  spontaneous  fission  in  the  mature 
worms. 

Genera :  Monostoma^  Amphistoma,  Distoma^  Diporpa  (in  conju- 
gation Diplozoon),  Gasterastoma^  ffolostomoj  Tristoma^  Poly  stoma. 
{GyrodactyluSj  AxinCy  Octobothrium^  Aspidocotylus,  Aspidogaster, 
are  all,  probably,  larvae.) 

Sub-order  Turbbllabia. 
Integument  ciliated  in  the  mature  worms. 

Family  RHABDOCfELAy  with  a  simple  cylindrical  alimentary  cavity. 

Genera:  Vortex,  Derostomumy  Gyratrix,  Stronyylostomum^  Me* 
sostomum,  Macrostomum,  Microstomum.  (Some  of  these  are,  pro- 
bably, larvae.) 

Family  DENDROC(ELAy  with  a  ramified  alimentary  cavity. 
Genera :  Polycelis,  Monocelis,  Planariay  Leptoplana^  Euryleptay 
PlanocerOy  Thysanozoon, 

Order  Acanthocbphala. 

Hody  saccular,  cylindrical,  or  subdepressed ;  head  provided  with 
an  uncinutcd  proboscis.  A  ramified  vascular  nutritive  system. 
S(*X(*H  distinct. 

(ionus :  Echinorhynchus, 

Class  CGELELMINTHA. 

An  alimentary  canal  suspended  in  an  abdominal  cavity.  The 
sexes  distinct. 

Order  Gordiacea. 

Hody  filamentary  and  cylindrical ;  alimentary  canal  without  anus, 
(icnera  :   Gordiusy  Mermisy  (^Trichinay  probably  a  larva). 

Order  Nematoidea. 

Body  elongated,  cylindrical.  Alimentary  canal  with  both  mouth 
and  vent. 

Genera:  Filariay  Trichosoma,  TrichoccphaluSy  Spiroptera^  Stron- 
gylusy  Ascaris,  Oxyurusy  CuctdlanuSy  HedruruSy  AncyracanthuSy 
GnatkostomOy  CheiracanthtiSy  Lecanocephalus,  Liorhyncktu,  Physa- 
loptercy  SphterulariOy  Anguillula, 
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Order  Onchophora. 
Body  depressed,  subarticulate.    Mouth  provided  with  hooks.    Anus 
distinct. 
Genus:  Linguatula, 


LECTURE  VII. 

POLTPL 

Hydrozoa  and  Anthozoa. 

T^i^  two  great  divisions  of  Cuvier's  Zoophytes,  viz.  the  Infusoria 
^^  Entozoa,  which  have  hitherto  engaged  our  attention,  approxi- 
niate  to  the  vermiform  type ;  and  each  ascends  by  rapid  steps  to  the 
confines  of  the  articulate  province.  The  remaining  classes  of  the 
^ophytes  are  constructed  on  the  radiated  type ;  and  some  of  them, 
^  the  Bryozoa  and  AcalepfuB,  conduct  to  the  molluscous  series. 

Xo-day  I  have  to  request  your  attention  to  the  history  of  a  race 
of  animals  almost  as  widely  diffused,  almost  as  numerous,  and  some 
of  them  hardly  less  minute  than  the  Infusoria,  with  which  we  com- 
menced the  survey  of  the  vermiform  zoophytes.     Our  present  sub- 
jects form  at  least  three  classes  of  radiated  zoophytes,  which  have 
been  grouped  together  under  the  common  name  of  Polypi,  on  account 
of  their  external  resemblance  to  the  many-armed  cuttle-fishes,  which 
were  so  denominated  by  the  ancient  Greek  naturalists.     But   the 
knowledge  of  the  organised  beings  now  called  Polypi,  as  members 
of  the  Animal  Kingdom,  is  of  comparatively  recent  introduction :  it 
cannot  be  dated  further  back   than   the   time  of  Imperato*  and 
Peyssonel."]'      Amongst   those   naturalists   who  have    subsequently 
contributed  to  improve  and  extend  the  history  of  the  Polypes,  our 
countryman  Ellis  %  will  always  take  a  high  rank. 

A  polype  generally  presents  a  soft  cylindrical  oval  or  oblong  body, 
with  an  aperture  at  one  of  its  extremities,  which  is  surrounded  by  a 
<^fonet  of  long  tentacula.  In  most  of  the  class,  this  aperture  leads 
*o  a  simple  digestive  cavity,  consisting  of  a  stomach  without  intestine. 
^  the  highest  organised  group,  the  digestive  sac  is  prolonged  into 
^  intestinal  canal,  which  is  bent  upon  itself,  and  terminates  by  a 
^Jstinct  anus  opening  upon  the  external  surface.  The  organisation 
^^  the  polypes  is  in  general  simple ;  their  faculties  are  limited ; 
^^  the  vital  phenomena,  save  those  of  irritability  and  contractility, 
^  inconspicuous.      Nevertheless  the  influence  of  the  combined 

*  XCV.  (1699).  t  XCVL  (1723  and  1727).  J  XCVH  and  XCVni. 
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powers  of  some  of  the  species,  in  modifying  the  crust  of  the  earth,  is 
neither  slight  nor  of  limited  extent. 

This  great  division  of  the  radiated  animals  is  divided  into  three 
groups  or  classes,  according  to  the  modifications  of  the  alimentary 
canaL  In  the  first  and  lowest  organised  class,  which  I  have  called 
Hydrozoa  *,  digestion  is  performed  hy  the  secretion  of  a  simple  sac, 
excavated  in  the  gelatinous  and  granular  parenchyme  of  the  hody. 
In  the  second  class,  called  Anthozoa^  the  digestive  sac,  which,  like 
the   first,  throws   out  the  rejectamenta  hy  the  same  aperture  as 

that  which  receives  the 
nutriment,  is  suspended 
hy  a  series  of  vertical 
folds  of  memhrane,  in 
a  distinct  abdominal  ca- 
vity, to  the  outer  parietes 
of  the  body.  In  the 
\]  third  and  highest  class, 
called  Bryozoa^  the  ali- 
mentary canal,  which  is 
suspended  loosely  in  an 
abdominal  cavity,  is  pro- 
vided, as  has  been  already 
stated,  with  a  distinct 
mouth  and  anus. 

It  is  remarkable  that 
the  most  locomotive  of  the 
Polype  tribe  is  at  the 
same  time  the  type  of  the 
lowest  organised  group. 
The  Hydra^,  or  common 
fresh-water  Polype  {fig. 
60.)  consists,  when  mag- 
nified even  with  a  mode- 
rately high  power,  appa- 
rently of  a  granular  sub- 
stance of  a  greenish  or 
reddish  hue,  the  granules  or  cells  being  loosely  connected  by  a  semi- 
fluid matter.     The  external  cells  are  condensed,  and  elongated  in  the 


Hydra  ftuca. 


•  Nat.  siM. 


*  LXXXIV.  p.  82.  DimorpKaa  of  Ehrenba^  ;  SerttdarienM  of  Milne  Edwards ; 
NMdibrachiiUa  of  Farre ;  Hffdroida  of  Johnston  ;  Hydraida  and  Sertukuriada  of 
£.  Forbes. 

t  "In  Africa  et  Arabia  Hjdras  stndiose  frastra  quadvi,"  CXVIL,  p.  292. 
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axis  of  the  bodj,  so  as  to  form  two  tegumentary  layers  :  the  internal 
cells  are  elongated  transversely  to  the  axis  of  the  body,  and  form  a 
stratam  of  villi,  projecting  into  the  abdominal  cavity :  the  thick 
intermediate  mass  of  nucleated  cells  seems  to  fulfil  the  ordinary 
fonctioDs  of  muscular  or  contractile  tissue. 

The  hydra  commonly  adheres  by  a  small  prehensile  disc  or  rudi- 
mentary foot  {fig*  60,  d),  situated  at  the  extremity  of  the  stem  or 
bodj  opposite  to  the  mouth.  When  the  little  animal  would  change 
its  position  it  slowly  bends  its  body,  and,  fixing  one  or  more  of  its 
tentacula  to  the  supporting  surface,  detaches  the  foot,  approximates 
it  to  the  head,  and  advances  by  a  succession  of  these  leech-like 
motionsi  The  hydra  can  make  progress  in  water,  as  well  as  on  a 
Bolid  plane ;  when  it  would  swim  it  suspends  itself  to  the  surface  of 
the  water  by  its  terminal  foot,  which  it  expands,  and  exposes  to  the 
•ir:  the  disc  soon  dies,  and  in  this  state,  repelling  the  surrounding 
water,  it  serves  as  a  float,  from  which  the  hydra  hangs  with  its 
nwnth  downwards,  and  can  row  itself  along  by  means  of  its  tentacula. 
Its  ordinary  position  is  one  of  rest,  adhering  to  an  aquatic  plant  by 
1^  foot,  with  the  dependent  oral  tentacula  spread  abroad  in  quest 
of  prey:  these  are  of  great  length  and  tenuity  in  the  Hydra  fusca. 

Should  a  small  nais  or  entromostracan,  or  any  of  the  larger  infu- 
Kries,  come  within  the  reach  of  the  little  carnivorous  polype,  they  are 
uninediately  seized,  pulled  towards  the  mouth  {fig.  60,  6),  and  swal- 
lowed. The  rapidity  of  the  digestive  process  is  manifested  by  the 
Effusion  of  any  characteristic  colour  of  the  animalcules  swallowed 
through  the  gelatinous  parenchyme  of  the  devourer ;  and  when  this 
process  is  completed,  the  indigestible  debris  of  the  prey  are  rejected 
hythe  same  aperture  which  had  just  gorged  it.  The  inner  surface 
of  the  digestive  bag  is  lined  by  a  ciliated  epithelium,  and  has  many 
P^uliar  cells  containing  a  clear  fluid  with  brown  pigment  granules : 
these  are  very  conspicuous  in  the  Hydra  viridis  ;  the  contents  are 
probably  discharged  into  the  stomach  by  the  bursting  of  the  cells, 
which  have  been  conjectured  to  perform  a  function  akin  to  that  of  a 
"▼er.  A  careful  investigator,  Corda  *,  affirms  the  existence  of  an 
*oal  outlet  {fig>  60,  c),  and  figures  it  of  small  size,  close  to  the  hind 
sucker  or  foot;  and  Baker f  several  times  saw  "the  dung  of  the  po- 
^7P^  in  little  round  pellets  discharged  at  this  outlet  or  anus."  Mr. 
"*J*cock},  also,  observing  a  Hydra  viridis  in  a  highly  contracted 
^te  and  about  to  discharge  an  egg,  saw  a  narrow  channel  passing 
fi^ui  the  digestive  cavity  through  the  substance  of  the  foot,  appa- 
rently about  its  centre.     From  this  channel  issued  a  long,  linear 

•  XCIX  t  C.  p.  27.  X  CIV.  p.  288. 
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bedding  a  gnuiiikr  nbstance  resemUing  bodi  in  < 
tint  which  lined  tiie  digestive  caritj;     SodL  pur 
to  certain  ezcretLmu  of  the  lining  iwnnhrm  of  1 
coarser  indigeidble  parts  of  tiie  piej  are  **■'■*— 
die  oioiitii* 

Each  tentamlnm  in  the  ^^ra  <|i'ia—»  aueufiBng  to  Xrenafakj,  it 

food  which  ia  ratated  in  tiiat  csritj  ia  drivea  up  aaaae  waj  into  the 
tentadei^  and  aent  back  again.*  CardnffinmddiewaQa  of  Ae  testa* 
eolar  caTitiei  to  contain  a  ftnid  albiiniifm—  mhnreirfi  nnzBd  with  oil- 
lihe  partidea^  Thia  sniMtaDce  swdia  ant  at  eoxtnn  delnite  placet. 
into  denser  nodnlef^  which  are  arranged  in  a  spiral  fine  0%t»  60^  a»  e). 
Each  nodnle  is  famished  witii  tactile  fti—wwrt^  and  a  aiagnlaKlf  con* 
scmcted  organ  for  ratrhing  and  wonnding  the  prej.  Tbe  pnta  re- 
garded bj  Corda  as  o^pnis  of  touch  eonaiat  of  a  fine  aac^  »«Mi>lft^Mg 
another  with  thicker  parietea^  and  wxtiiin  thia  Acfe  ia  a  aadDL  cavitf: 
frcHB  the  point  where  the  two  sacs  n Minnie  above^  tbrm  pgqjecta  a 
fc»g  end  very  dender  filanHHi^  wiiich  is  noB^etiattilai.  Thei 
or  aeiaing  organ  eonaiats  of  an  oboTate  tranapi 
tbe  Dodole  with  a  smaQ  apcrtoze.  At  As  botftoaa  «f  ihm  wmo,  and 
within  it,  there  ia  a  solid  curpuacfey  wbkh  givca  ov^ipn  to  a  dear 
calcareooa  sharp  dart  at  wfixm,  diai  can  be  pitiTiii!  oad  at  plf  aiiiu,  cr 
withdrawn  antil  ifei  point  is  brooght  widdn  tiie  aae.  When  tiie 
bjdra  wishes  to  seiie  an  animal,  the  <^rts  are  prUriideO,  bj  which 
means  the  aarface  of  the  tentacola  is  roughened,  and  tbe  prej  more 
easilj  retained:  Corda  belicTcs  that  a  poison  is  at  the  same  time 
ejected.  The  nodules  of  the  tentacnla  are  connected  together  bj 
means  of  four  moscular  bands,  which  run  ap»  forming  loceoge-shaped 
tpacea  bj  their  intersections :  these  are  joined  together  bj  tranffrerse 
bands.  $  The  lip  of  the  month  is  armed  with  darts  similar  to  thoae 
of  the  tentacnla ;  and  thej  haye  been  fonnd  in  the  Am  of  the  bodj 
and  of  the  foot 

That  the  tentacnla  have  the  power  of  communicating  some  be- 
numbing or  noxious  influence  to  the  living  animals  which  constitute 
the  food  of  the  Hydra,  is  evident  from  the  effect  produced,  for 
example,  upon  an  entomostracan,  which  maj  have  been  touched,  but 
not  adzed,  by  one  of  these  organs.  The  little  active  crustacean  is 
arrested  in  the  midst  of  its  rapid,  darting  motion,  and  sinks^  appa- 
rently lifeless,  for  some  distance ;  then  slowly  reooYers  itsdf,  and 

•  CL  toiiL  L  p.  860.,  torn  il  p.  228.  f  XCIX. 

t  niV.  p.  85. 
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resomes  its  ordinary  moyements.  Siebold  states  that  when  a  nais, 
a  dapbnia,  or  the  larva  of  a  Cheironomos  have  been  wounded  by  the 
darts,  but  not  seized,  they  do  not  recover,  but  die-*  These  and  other 
active  inhabitants  of  fresh  waters,  whose  powers  should  be  equivalent 
to  rend  asunder  the  delicate  gelatinous  arms  of  their  low-organised 
captor,  seem  paralysed  almost  inunediately  after  they  have  been 
seued,  and  so  countenance  the  opinion  of  Corda  that  the  secretion 
of  a  poison  enters  the  wounds. 

The  most  extraordinary  properties  of  the  Hydra  are,  however, 
those  which  best  accord,  and  might  be  expected  to  be  associated, 
with  its  low  and  simple  grade  of  organisation  ;  although  they  excited 
the  greatest  astonishment  in  the  physiological  world  when  first 
flnnonnced  by  their  discoverer,  Trembleyf,  and  are  often  still  called 
wonderful. 

If  a  polype  be  partially  bisected,  each  portion  forms  a  perfect 
poljpe :  Roesel}  devotes  three  plates  to  figures  of  monstrous  Hydrse, 
the  results  of  such  incisions.  If  a  Hydra  be  transversely  bisected, 
both  halves  survive ;  the  cephalic  one  developing  a  terminal  sucker, 
the  caudal  one  shooting  forth  a  crown  of  tentacula;  each  moiety 
thus  acquiring  the  characters  of  the  perfect  individual.  But  in 
a  healthy  and  well-fed  Hydra,  the  same  phenomena  will  take 
place  if  it  be  divided  into  ten  pieces.  The  Hydra,  notwith- 
standing the  want  of  a  nervous  centre  thus  indicated,  and  the 
absence  of  any  hitherto  recognised  nervous  filaments,  manifests  an 
obvious  predilection  for  light,  and,  when  confined  to  a  glass,  always 
moves  itself  to  the  brightest  side.  Trembley  succeeded  in  inverting 
these  delicate  animalcules,  and  retaining  them  inverted  until  they 
accommodated  themselves  to  this  singular  change  in  their  condition. 
The  pigment  or  hepatic  cells  of  the  gastric  membrane,  now  external, 
are  cast  off:  the  orifices,  by  which  the  cavities  of  the  tentacula 
communicate  with  the  stomach,  are  exposed  a  little  below  the  rim 
of  the  mouth  ;  these  orifices  are  soon  obliterated,  and  new  ones  are 
formed  in  communication  with  the  new  digestive  sac.  The  ciliated 
epithelium  and  hepatic-cells  must  be  developed  on  what  was  the 
outer  surface:  and  the  dart-cells  in  what  before  was  the  gastric 
surface.  At  least  Trembley  assures  us,  and  gives  corroborative 
evidence,  that  digestion  was  effected  as  actively  by  the  surface 
which  before  was  external,  as  by  that  which  had  been  the  digestive 
surface ;  whilst  this  as  readily  assumed  the  ordinary  gemmiparous 
function  of  the  skin.§ 

♦  XXIV.  p.  30.  t  CL  t  CV.  (Tab.  Ixxx.,  bcxxl,  and  Ixxxii.) 

§  «rai  retoume  an  nombrc   considerable  de  Polypes  de    la  scconde  espece 
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The  Hjdrs  are  not  less  remarkable  for  their  power  of  generation 
than  for  that  of  regenerating  mutilated  parts.  Thej  haTe  been 
observed  to  multiply  by  spontaneous  fission*  dividing  themselves 
transversely.  Roesel*  figures  a  specimen  in  the  act  of  transv^ie 
fission ;  but  there  may  have  been  some  previous  iqjury  at  the  part 
The  most  ordinary  process  of  generation  is  by  the  development  of 
young  polypiy  like  buds,  from  the  external  surface  of  the  old  one. 
This  property  depends  on  the  small  amount  of  change  which  the 
germ-mass  has  undergone  in  the  development  of  the  body. 

In  the  freshwater  poljrpe,  the  progeny  of  the  primary  impregnated 
germ-cell  retained  unaltered  in  that  body,  may  set  up,  under  favour- 
able stimuli  of  light,  heat,  and  nutriment,  the  same  actions  as  those 
to  which  they  owed  their  own  origin ;  certain  of  the  nucleated  cells 
do  set  up  such  actions,  those,  e.  g.  in  the  Hydra  /iwco,  which  are 
aggregated  near  the  adhering  pedicle  or  foot ;  and  the  result  of  their 
increase  by  assimilation  and  multiplication  is,  to  push  out  the  con- 
tiguous integument  in  the  form  of  a  bud,  which  becomes  the  seat  of 
the  subsequent  processes  of  growth  and  development ;  a  clear  cavity  or 
centre  of  assimilation  is  first  formed,  which  soon  opens  into  the 
stomach  of  the  parent ;  but  the  communication  is  afterwards  dosed, 
and  the  young  hydra  is  ultimately  cast  off  from  the  surface  of  the 
parent.  This  mode  of  propagation  is  termed  *' gemmation."  It  difos 
from  the  development  of  the  hydra  ah  ova,  inasmuch  as  the  im- 
pregnated germ-cell,  which  set  on  foot  the  process,  is  derivative  and 
included  in  tlie  body  of  the  adult,  instead  of  being  primary  and 
included  in  a  free  ovum.  But  the  germ-cell  is  the  essential  part  of 
the  ovum,  and  the  chorion  an  accessory  and  non-essential  part.^ 

According  to  my  observations,  buds  are  not  developed  indifferently 
from  any  part  of  the  polype.  I  have  never  seen  one  growing  from  a 
tentacle,  nor  does  a  wound  of  this  part  lead  to  the  development  of  a 
young  hydra,  like  a  wound  of  the  base  of  the  body.  I  conceive  that 
the  greater  amount  of  metamorphosis  which  the  germ-cells  and  nuclei 
have  undergone  in  the  formation  of  the  complex  organs  of  the 
tentacula  is  the  condition  of  this  inferior  power  of  generation  and 
regeneration. 

The  very  small  size  in  relation  to  the  entire  body,  and  the  super- 
ficial position  of  the  secondary  germ- cell  which  takes  on  the  pra- 

(^Hydra  grisea\  **  qui  sont  rcstcs  retotum^s  ct  qui  ont  longtcmpe  tcco.  Hb  ont 
mang6,  cru  et  multipli(>.**  CL  t.  ii.  p.  224. 

•  CV.  tab.  IxxxiiL  fig.  3. 

t  Mr.  Goodsir  gives  the  name  of  OYule  to  the  germ-cell  which  sets  on  foot  the 
analogous  process  of  bud-formation  in  the  Ckenurus  (LUL  p.  570). 
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oesses  of  developmeDt  in  the  Hydra,  appear  to  be  the  chief  conditions 
influencing  that  modification  of  the  generative  process  by  which  a 
small  portion  only  of  the  Hydra  is  taken  into  the  system  of  the  new 
individual,  instead  of  one-half  of  the  body,  as  in  the  case  of  the 
Monad.  So  insignificant  is  the  distinction  between  gemmation  and 
spontaneous  fission  ;  the  essential  condition  of  both  being,  as  in  the 
dcTelopment  of  the  ova,  the  presence  of  the  pellucid  nucleus  of  a 
secondary  impregnated  germ-cell,  as  the  centre  from  which  all  the 
processes  in  the  formation  of  the  new  individual  radiate. 

The  Hydra  propagates  by  ova  as  well  as  by  buds.  It  even 
presents  a  periodical  development  of  sexual  organs  of  two  kinds:  one, 
at  the  anterior  or  oral  extremity  of  the  body,  consists  of  small  nodules 
or  sacs,  which  Ehrenberg  discovered  to  contain  moving  filaments,  or 
seminal  animalcules  ;  another  series  of  cells,  developed  in  the  pos- 
terior part  of  the  stem,  contain  ova.  Sometimes  one  individual 
Hydra  developes  only  the  male  cysts,  or  sperm*vesicles ;  sometimes 
only  the  female  ones,  or  ovisacs ;  but  the  rule  is  generally  to  have 
both  kinds. 

The  ova  are  spherical,  with  a  bristled  chorion,  which  is  of  a  deep 
brown  colour  in  the  Hydra  fusca.  In  the  formation  of  the  ova,  certain 
of  the  retained  germ-cells  multiply  themselves,  and  coalesce  to  form  a 
larger  central  cell,  surrounded  by  others  of  smaller  size,  with  nuclei, 
the  exterior  of  which  cells  are  metamorphosed  into  a  chorion.  Certain 
other  germ>cells  are  converted  into  sperm-cells,  and  develope  sperma- 
tozoa. The  ova  are  extruded  and  fertilized  by  these,  and  they 
develope  a  hydra,  retaining,  however,  a  large  proportion  of  un- 
changed cells  in  its  composition.  Accordingly^  this  hydra  may 
propagate  by  buds,  and  the  hydra  so  developed  may  propagate  again 
by  ova,  and  these  two  kinds  of  generation  may  alternate  indefinitely  : 
but  it  usually  happens  that  the  same  Hydra,  after  having  exhausted 
its  power  of  forming  buds,  then  developes  the  eggs. 

The  seas  which  wash  our  own  shores  are  tenanted  by  numerous 
forms  of  minute  Polypi,  having  essentially  the  same  simple  organisa- 
tion as  the  Hydra ;  but  which  are  protected  from  the  dense  briny 
element  by  an  external  horny  integument.  Now  these  likewise 
develope  new  polypes  by  gemmation ;  but,  as  the  external  crust 
grows  with  the  growth  of  the  soft  digestive  sac,  the  young  polype 
adheres  to  the  body  of  the  parent,  and,  by  su'^cessive  gemmations,  a 
compound  animal  is  produced.  Yet  the  pattern  according  to  which 
the  new  polypes  and  branches  of  polypes  are  developed  is  fixed  and 
determinate  in  each  species ;  and  there  consequently  results  a  par- 
ticular form  of  the  whole  compound  animal  or  individual  by  which 
the  species  can  be  readily  recognised  {fig.  61.).     This  compound 
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hjdriform  poljpe-animal^  or  association  of  poljpes,  resembles  a  minia* 

ture  tree ;  but  consists  esaentiallj  of 
a  ramified  tube  of  irritable  animal 
matter^  /,  defended  by  an  external, 
flexible,  and  frequently  jointed,  homj 
skeleton,  a ;  and  is  fed  by  tbe  activity 
1  of  the  tentacula.  d,  and  by  the  digea* 
tiTe  powers  of  the  alimentary  sac8»  ^, 
of  a  hundred  polypi,  the  common  pro- 
dnoe  of  which  circulates  through  the 
tubular  cavities  for  the  benefit  of  tbe 
whole  community.  These  currents  of 
the  nutrient  fluid  have  been  obserred 
and  described  by  CavoUni  •,  and  more 
recently  by  Mr,  Lister.f  The  genera 
Strtnlaria^  Campanularia,  Tubu- 
iariay  &c.,  which  form  the  principal 
subjects  of  KUis^s  beautiful  and  das- 
acal  work  on  Corallines^  compose  the 
present  division  of  the  compound  ffy^ 
droMoa,  or  hydriform  polypes.  The  soft  integument  of  the  nutrient 
polypes  {^ff,  61,  rf*  e^  g)  is  characterised  by  peculiar  cells,  like  the 
**dari-ci!lU**  of  the  Hydrae,  which  have  a  transparent  firm  cell-walli 
containing  a  clear  fluid,  and  extremely  delicate,  sometimes  spi- 
rally disposed,  filaments.  These  are  protruded  when  the  skin  ts 
irritated,  and  give  the  tentacles  the  appearance  of  being  beset  by 
bristled  prominences.  The  digestive  sac  of  each  polype  is  lined  by  a 
ciliated  epithelium,  and  by  hepatic  cells,  as  in  the  Hydra :  but  its 
base  is  perforated  by  the  hole  which  communicates  with  the  tube,  /^ 
passing  along  the  branch  supporting  the  polype,  to  the  general  cavity 
of  the  stem.  But  this  outlet  allows  only  the  iuid  contents  of  the 
stomach  to  pass ;  tbe  coarser  rejectamenta  are  cast  out  by  the  mouth. 
It  appears  that  sea- water  may  have  entry  to  these  canals  and  cir- 
culate with  the  chyle,  and  so  contribute  Fome  share  to  the  resfMr- 
atory  process  of  the  corallines.  It  is  certain  that  sea-water  is  admitted 
to  the  corresponding  cavities  in  the  Anthozoa.  Both  Lister  and 
Low^D  have  observed  an  alternate  imbibition  and  expulsion  of  water 
in  the  polypes  of  Sertulariee  sud  Tubular ur.  The  chyl aqueous  fluid, 
as  it  may  be  termed,  which  circulates  in  the  general  ramified  cavity 
of  the  coralline  is  colourless,  and  contains  only  some  minute  round 
corpuscles.     This  fluid  is  sent  into  the  cavities  of  the  prehensile  arms^ 
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and  retorns  back  into  the  digestive  cavity.  The  movements  of  the 
fluid  appear  to  depend  on  a  delicate  ciliated  epithelium  which  lines 
the  ctvities  of  the  tentacles,  as  well  as  the  tubular  cavities  of  the 
stem  and  branches  of  the  compound  poljpes.* 

The  peculiar  external  homy  defence  prevents,  as  I  have  just  ob- 
fierred,  the  exercise  of  the  gemmiparous  faculty  from  effecting  any 
other  change  than  that  of  adding  to  the  general  size,  and  to  the 
number  of  prehensile  mouths  and  digestive  sacs,  of  the  compound 
conlline.    It  is  equally  a  bar  to  propagation  by  spontaneous  fission ; 
80  that  the  ordinary  phenomena  of  generation  by  ova  or  germ-masses 
u%  more  conspicuous  in  the  composite  than  in  the  simple  Hydrozoa, 
At  certain  points  of  these  ramified  polypes,  which  points  are  constant 
in,  aod  characteristic  of,   each  species,  there  are  developed  little 
cl^ant  vase-«haped  or  pod-shaped  sacs,  which  are  called  the  ovige- 
tHis  Tesicles  or  ^'ovicapsules.**    These  are  sometimes  appended  to  the 
branches,  sometimes  to  the  axillao,  as  at  A,  ^  Kfig*  61,  of  the  ramified 
coralline :  they  are  at  first  soft,  and  have  a  still  softer  lining  mem- 
brane, which  is  thicker  and  more  condensed  at  the  bottom  of  the 
vesicle:  it  is  at  this  part  that  the  ova  or  germs  are  developed,  A, 
and  for  some  time  these  are  maintained  in  connection  with  the  vital 
tissue  of  the  polype  by  a  kind  of  umbilical  cord,  k^U    In  all  the  com- 
pound Hydrozoa^  the  ovicapsules  are  deciduous,  and  having  performed 
their  functions  in  relation  to  the  development  of  the  new  progeny, 
drop  off  like  the  seed-capsules  of  plants.     This  phenomenon  afibrded 
to  the  early  botanists  an  additional  argument  in  favour  of  the  relation 
of  these  ramified  and  rooted  animals  to  the  Vegetable  Kingdom. 

The  species  of  the  marine  Hydrozoa  which  is  most  nearly  akin  to 
the  fresh-water  Hydra,  is  the  Tubularia  indivisOy  beautifully  figured 
in  his  fine  work  on  the  *'  Remarkable  Animals  of  Scotland,"  by  Sir 
John  G.  Dalyellf,  who  devoted  thirty  years  to  the  careful  examination 
of  the  animals  of  the  Frith  of  Forth.  In  this  species  each  individual 
13  distinct,  like  the  Hydra ;  it  propagates  its  kind  by  gemmation,  and 
has,  also,  great  powers  of  reparation,  reproducing  its  polype  head  and 
double  crown  of  tentacles  many  times  in  succession.  It  also  propagates 
by  ova.  These  are  formed  in  ovicapsules,  aggregated  in  groups  which 
proceed  from  the  space  between  the  long  and  the  short  tentacula;  and, 
in  proportion  as  the  ovicapsules  are  developed,  the  tentacula  begin  to 
decay,  and  the  whole  flower-like  head  falls.  When  cast  off,  the  head 
does  not  lose  its  vitality,  but  moves,  for  a  few  days,  perhaps,  and 
crawls  off  with  the  ovicapsules  to  some  distance  from  the  parent. 
A  locomotive  polype,  which  is  called  by  Sir  J.  G.  Dalyell  a  ♦*  hydra,*' 

♦  CVm.  p.  107.  t  CIX.  pis.  1,  2,  and  3. 
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In  a  third  species  of  Tubularia  ( T.  Dumortieri)  the  embryo 
Msames  the  form  of  a  transparent,  gelatinous,  longitudinally  ribbed 
Beroe,  before  it  escapes  :  and  afterwards  moves  like  a  Medusa  by 
alternate  contraction  and  expansion  of  the  body.  The  change  of 
this  medusoid  larva  into  the  Tubularia  was  not  seen. 

In  the  Hydrcuitinia  rosea  V.  Beneden  found  several  ova,  with 
the  germinal  vesicle  and  nucleus,  developed  in  each  ovicapsule. 

The  modification  in  the  growth  of  the  coralline  to  form  the  ovi- 
capsule, has  been  compared  by  Professor  E.  Forbes*  with  that  "me- 
tamorphosis in  flowering  plants  in  which  the  floral  bud  is  constituted 
through  the  contraction  of  the  axis  and  the  whorling  of  the  indivi- 
duals borne  on  that  axis,  and  by  their  transformation  into  the  several 
ptrts  of  the  flower.**  Many  elegant  varieties  are  observable  in  the 
form  of  the  ovicapsules.  Sometimes  they  are  crossed  by  transverse 
^;  sometimes  shaped  like  a  vase,  and  provided  with  a  little  lid  or 
cover;  usually  traversed  along  the  middle  by  a  continuation  of  the  soft 
^ue  of  the  polype,  from  which  the  ova  or  germs  proceed,  and  which 
inaj  be  compared  to  an  umbilical  cord,  and  is  termed  the  "  placenta-* 
num.*  According  to  the  botanical  analogy,  they  may  be  either 
essentially  "single  individuals,  ideally  metamorphosed  into  repro- 
ductive organs  comparable  to  the  monocarpous  germens  of  plants," 
^^  ''series  of  individuals  joined  together  and  merged  into  each 
t)ther  so  as  to  present  the  appearance  of  an  organic  body  in  which 
the  ova  are  reproduced  comparable  to  the  syncarpous  germens "  of 
plants ;  the  pod-like  ovicapsule  of  most  FlumularuB  well  illustrates 
*he  latter  view.f 

Efcrenberg  %  regarded  the  ovicapsule  as  a  modified  individual,  viz^ 
>  female  generative  polype,  diflering  from  the  nutrient  and  sexless 
polype,  in  having  the  tentacula  rudimentary  or  abortive.  The 
contractile  power  of  the  ovicapsules  in  Pennaria  and  in  Syncoryne 
^«Ma,  together  with  Lov^n's  description  of  the  deciduous  nursing- 
polypes  developed  from  the  ovicapsule  in  the  Campanularia  genu 
ctdata,  gave  apparent  support  to  this  view,  which,  however,  later 
^actsasto  the  nature  of  the  progeny  developed  in  the  ovicapsule 
"^ve  induced  most  zoophytologists  to  abandon. 

Sperm-capsules,  similar  in  situation  and  form  to  the  ovicapsules,  are 
developed  in  certain  individuals  of  the  marine  Hydrozoa.  In  Pennaria 
^ato^'wi  the  spermatozoa  are  developed  in  the  interspace  between  the 
inner  wall  of  the  sperm-capsule  and  an  axial  cord  of  the  soft  tissue 
w^wering  to  the  placentarium  of  the  ovicapsule.  §    In  the  Tubularia 

♦  ex.  t  XCVIL  pL  11.  B.  iPlumulana/akata.) 
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indiriMfi,  also,  the  spcrm-KTapsules  repeat  the  grape-like  amngemeiit 
And  Hituution  of  the  ovicapsules.  In  Eudendrinm  raeemasum  th» 
fi|H;nii-cA|>fitih;H  are  moniliform,  and  are  supported  on  particular  sterns^ 
thn  outfjrinoHt  CApHules,  which  first  appear,  contain  the  best  developed 
np'THintozon.  These  sperm-capsules  were  distinguished  by  CaTolini, 
afi  "  uovA  a  coriinbo,***  from  the  ovicapsules,  which  he  called  ^'oova 
A  rnrf!ino."f  'ilif;  distinguished  Neapolitan  zoophjtologist  also  re- 
nmrkH  that  each  kind  of  capsules  occur  in  different  individuals;  and 
Krohn,  to  whom  Hcicnce  is  indebted  for  a  determination  of  the  tma 
nnttin;  of  the  *'uova  a  corimbo,"  found  as  a  general  rule  thai  the 
Hpf^rtn-cupHules  were  developed  in  the  Eudendrium  racemaswm,  the 
1  Hum h1  aria  crhtatUy  and  Sertularia  misenensisj  on  particular  indi- 
vidunlri  or  compound  groups  of  individuals,  the  ovicapsules  being 
di!vd(i]MMl  on  other  such  individuals. 

T\u\  true  ovum  of  the  Ilydrozoa  has  its  germinal  vesicle  and  spot^ 
and  affor  impregnation  the  germ-mass  is  formed  by  spontaneous 
fUfiinn  of  tlie  germ-cells  and  cleavage  of  the  granular  yolk,  as  in  the 
OVA  of  the  AH(Miris  (p.  113.). 

In  the  Hydra  this  process  goes  on  before  the  ovum  quits  the 
parent,  and  hefore  it  has  acquired  its  bristled  chorion.  In  the  marina 
MpfoieN  the  young  may  escape  from  the  ovicapsule  in  the  conditioii 
of  ciliiitrd  l(MU)motivo  l)odics,  called  "  planulas"  by  Dalyell^;  or  the 
planulin  may  \h\  hatched *in  the  interior  of  a  poljpe-individnal  de- 
veloped from  the  summit  of  the  ovicapsule,  and  which,  after  liberating 
them,  nuiy  wither  and  full  like  the  flower  of  a  plant  §;  or  a  generated 
individual  of  a  ]>articulAr  form,  such  as  e.  g.,  the  Medusa  octocilia  9n^ 
M,  diiodorUia  of  1  )aly ell  ||,  developed  {torn  Eudendrium  ramosumi^s^^ 
the  Tintinnabulam  or  Bell-medusa  observed  by  the  same  author  as 
thn  prof;eny  of  the  Campanularia  dichoioma,  may  be  developed  in 
nnd  escape  from  tlio  ovicapsule,  and,  by  its  own  power  of  locomotion, 
carry  the.  e(»ntained  ova  to  a  distance  from  the  composite  and  fixed 
grou])  of  nutritive  individuals.  The  ova  may  be  developed  within 
th(!  bell-shaped  Acalephoid  prior  to  its  detachment,  as  in  the  Coryne 
vyhjaris^  observed  by  Wagner,  or  not  until  it  has  become  detached 
and  aecjuired  the  full  characters  of  a  bare-eyed  Medusa. 

The  phenomenon  of  the  development  of  a  pol3rpe-like  larva  in  the 
vesicles  did  not  escape  the  keen  eye  of  Ellis.     He  says,  "  I  first  per- 

•  CVI.  t^b.  vi.  fi^^  14.  f  CVI.  tab.  vi  fig.  6. 

X  CIX.  p.  150.  pi.  xxiv.  {Sertularia  abktina),  p.  162.  pL  xxix.    (^crtetarM 
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cdved  the  poljpes  alive  in  the  vesicles  of  the  denticulated  class  of 
corallines,  and  particularly  in  this** — now  the   Sertularia  pumila: 
—  "these  animals  are  of  a  much  larger  size  in  the  vesicles  than 
those  in  the  denticles."*     In  another  species  {Campanularia  di» 
ekima)  he  figures  "the  youug  polypes  coming  out  of  the  vesi- 
cles, bnt  still  adhering  to  the  umbilical  chord."     Dr.  A.  Farre  has 
seen  the  development  of  the  germ-masses,  which  are  included  in 
a  delicate  membrane  and  extend  along  the  axis  of  the  germ-vesi« 
de,  in  the  same  Campanularia :  the  germs  are  covered  by  a  cili- 
ated epithelium ;  they  then  become  bell-shaped  medusae,  with  mar- 
ginal tentacles,  and  escape  swimming  freely.     Mr.  Lister's  figures 
ft  5  and  6  SJ^-  show  the  little  medusoids  escaping  from   the  germ- 
vesicles  of  the  Campanularia  dichotoma  ;  but  they  are  represented, 
•8  Ellis  described  them,  as  polypes.     Abundant  evidence  has  been 
afforded,  especially  by  Dalyell,  that  Ellis  did  not,   as  Dr.  Grant  has 
stated  I,  commit  the  error  of  mistaking  mere  ciliated  locomotive 
gemniules  or  ova  for  young  polypes.    In  many  SertularicB,  as  Dalyell 
has  shown,  the  young  quit  the  germ-vesicles  as  locomotive  ciliated 
animalcules,  like  PlanarisB^  which  move  not  only  by  the  cilia^  but  by 
a  general  contraction  of  the  tissue.     This  kind  of  larva,  which  he 
calls  "  planula,"  crawls  rather  than  swims,  and  in  twenty-four  hours 
presents  the  appearance  of  a  disc  with  a  series  of  peripheral  rays ;  it 
then  settles,  expands,  and  a  stem  shoots  up,  developes  a  polype,  and 
thus  a  new  hydrozoal  individual  is  generated.    This  metamorphosis, 
first  observed  and  described  by  Cavolini  §  in  the  Sertularia  racemosa^ 
has  been  illustrated  with  accurate  and  minute  details  by  Loven.  || 

The  more  remarkable  phenomenon  of  the  medusoid  form  of  larva 
is  best  shown  in  the  claviform  Corallines,  and  has  been  especially 
described  by  Lov6n^,  in  an  excellent  Memoir  on  the  Syncoryne 
ramosa  of  Sars,  and  by  Steenstrup  in  the  Cory  fie  Fritillaria,**  This 
species  originally  developes  a  many-armed  nutritive  polype,  or 
individual ;  but  retaining  many  unchanged  germ-cells,  these,  by  the 
stimulus  of  the  excess  of  nutriment,  begin  to  repeat  the  process,  and 
pash  out  buds  in  an  analogous  position  to  that  in  the  Hydra  fusca^ 
viz.,  around  the  base  of  the  stomach  of  the  first,  or  parent  animal ; 
but  the  buds,  instead  of  repeating  the  form  and  condition  of  that 
animal,  take  on  a  higher  form,  resembling  that  of  a  bell-shaped 
Medusa ;  they  become  detached  and  swim  off  to  a  distance,  forming 

♦  XCVn  p.  10.  pL  V.  A.  also  p.  21.  and  23.  pi.  xxxA-iii.  fig.  3.  b. 
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gad  discharging  the  ota,  whicb,  as  Steenstrup  conjectures,  in  their 
turn  dcvc-lope  the  fixed  poljpe-shnped  Conine,  This  stage  of  the 
crclv  has  not  yet  been  the  subject  of  observation ;  but,  by  the 
analog  of  the  larger  Medusae,  is  the  mure  probable  process  than 
that  direct  metamorphosis  of  the  medusiform  individual  into  the  pe- 
dunrulato  polv[)oid  individual,  which  V.  Beneden  has  described  by 
the  aid  of  a  conjectural  figure  in  the  Ttthularia,* 

In  the  Kmlendrinm  raccnwsum  Sir  J.  G.  Daly  ell  observed  the  germ- 
vesicles  containing  the  young  medusoid  animal  to  be  developed  from 
manv  parts  of  the  parent  stem.  A  very  active  movement  of  the 
inrh^cil  animal  may  be  seen  near  the  mouth  of  the  ovicapsule.  It 
thrn  opens ;  a  small  white  bud  protrudes,  then  some  tentacula,  in 
«rxivc  struggling  motion  ;  and  at  last  a  little  free-swimming  medusoid 
animal  appears,  in  the  shape  of  a  small  bell.  It  courts  the  light,  and 
nunitVsts  all  the  characteristics  of  the  Acalephae. 

rho  medusiform  ovigerous  locomotive  or  distributive  individual  of 

l)>^  iWf/tie  FritiUariay  and  Campanularia  dichotonia  is  obviously 

)f.wologous  with  the  polype-shaped  ovigerous  individual  which  seems 

}.*  uurse,  as   it  were,  the  ova  into  planuloi  in  the   Campanularia 

4%Hi'-Hlata;  and  the  nutritive  gemmiparous  individuals  in  all  the 

ct.*ut pound  llydrozoa  would  seem  rather  to  manifest  the  typical  form 

^  I  ho  species,  as  the  leaf  is  a  more  typical  form  of  the  plant  than  the 

^Mrts  of  the   Hower.      Superadd,   however,   distinct   nutritive  and 

ciivulnting   organs   to   the    free-moving    ovigerous   individual,  and 

v:vlvMij;   its   existence,   and  it  would  then  cease   to  have  the  sub- 

oidiuiito  character  of  a  nurse  to  the  ova  of  the  iixed  individuals,  and 

would  assume  that  of  the  ])erfected  form  of  the  species;  and  such,  in 

\ui,  is  the  case  with  the  larger  gelatinous  Kadiaries  called  'Medusse.* 

When  the  ovicapsule  is  the  seat  of  development  of  a  medusoid 

v«\iparous  individual,  as  observed  by  Dalyell,  the  phenomena  attend- 

i:».i  the  escape  of  these  are  remarkable.     Great  exertions  are  made  to 

•  oiw  the  orilice,  until  the  animal  tinds  its  way  out.     The  vessel  of 

-,v'.i  water  in  which  specimens  of  Eudvmlrium  r amosnm  hvcfQ  heexi 

:^.  pi  is  sometimes  found  crowded  with  the  medusoid  animalcules: 

,  ...  phrnoinenou  much  surprised  the  venerable  Scottish  Naturalist 

^.i.iil  ho  iHvaine  aware  of  tlie  origin  of  the  little  larvae.     His  observa- 

J,  .,,.   Im\i'   bevn  eonlinned  bv  Sars  and  others  on  the  Podocon/ne 

oiit  ilu'  Conpic  HHtitns,     In  the  sjune  month  in  which  Sars 

,.     ;  ^,.1  ilu'  dv\ilo[»mi'Mt  of  Medusoid  animalcules  from  the /Wb- 

,.  '-'/..'.  \w  toimd  oilier  specimens  of  Podocorf/ne  developing 

.    J,   ,  »,.  .nlv  .  iv'iii:iiuii»i;  ova.     Steenstrup,  who  was  more  successful 

•  v.'M.  pl.:2.  iiir. :». 
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than  Sars  in  preserving  the  life  of  the  medusoid  individuals,  appears 
to  have  traced  the  phenomena  of  the  development  of  the  ova  in  them, 
wd  arrived  at  the  conclusion  that  they  are  not  directly  transformed 
into  the  polype  as  Van  Beneden  believed  to  occur  in  the  Tubularia 
Jhmortieru  The  ova  so  developed  would  give  origin  to  **  planulaj," 
tod  these,  by  the  metamorphosis  so  well  described  by  Dalyell,  would 
produce  the  rooted  zoophyte,  from  which  a  compound  ramified  group 
oight  result  by  successive  incomplete  gemmations.  So  that  with 
wgard  to  the  generation  of  the  marine  Hydrozoa,  we  find  these  modi- 
fications:—  either  the  ovicapsules  are  developed  as  buds  on  the 
notrient  polype  which  is  cast  off,  and  the  young  polype  is  afterwards 
developed  in  and  escapes  from  the  ovicapsule  (  Tubularia  indivisa) ; 
or  the  ovicapsules  are  transformed  polypes  or  pinnaj  on  different 
Md  determinate  parts  of  the  compound  Ilydrozoon,  give  issue  to 
ciliated  pknul®,  and  are  cast  off  (most  Sertularia) ;  or  bell-shaped 
Medusae  are  developed  in  similarly  formed  ovicapsules,  and  escape 
{^itdendrium  ramosum);  or  a  small  nursing  polype  is  developed 
"^  the  summit  of  the  ovicapsule  which  incubates  the  ova,  and 
fwk  like  a  flower  {Campanularia  geniculata)\  or  Medusoid s  may 
*^  directly  produced  by  gemmation,  as  in  Syncoryne,  and  these, 
wcoming  detached,  continue  to  move  for  some  time  (fifteen  or 
^hteen  days)  before  they  fully  develope  the  ova,  which  produce  the 
planula,  which  are  metamorphosed  into  the  compound  zoophyte. 

The  medusoid  brood,  which  V.  Beneden  saw  to  be  the  produce  of 

the  fixed  and  composite  Campanularia  gelatinosa,  closely  resemble 

those  minute  acalephae  which    Sars*   has  described  as  the    Cytaeis 

^topunctatay  and  Willf  as  Cytaeis  polystala.     With  regard  to  the 

special  capsule  in  which  certain  Hydrozoa  produce  locomotive  larvae 

of  the  acalephoid  character,  although  it  is  called  "  ovicapsule,"  from 

its  analogy  to  those  that  give  issue  to  planulie,  it  docs  not  contain 

a  proper  "  ovum"  with  its  germinal  vesicle,  vitellus,  and  chorion, 

requiring  the  distinct  act  of  impregnation  before  development  of  the 

medusoid  embryo  can  begin.     The  development   of  such  forms  of 

enabryo  in  the  ovicapsules  of  the  Eude^idrium  ramosum   and  Cam^ 

panularia  dichotoma  seems  to  be  the  result  rather  of  the  last  remnant 

of  the  old  spermatic  force  in  the  slightly  modified  cell-tissues  of  the 

parent,  and  to  be  a  modification  of  the  same  gemmiparous  faculty  as 

that  to  which  the  previous  multiplication  of  the  nutrient  form  of 

polype  and  the  compound  character  of  the  whole  was  due. 

The  development  of  the  true   ova  and  the  reproduction  of  the 

♦  CXIIL  p.  28.  tab.Ti.  f.  14.  f  CXIV.  i».  fiS.  tah.ii.  f.  5. 
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spemiatie  force  in  the  ordinary  form  of  spermatozoa  §eem  to  be  tlie 
last  act  of  the  free  medusoid  indiTiduals  which  are  liberated  from  the 
Caryne^  S^ncort/ne,  and  certain  species  of  Campanularia  and  Tttbti- 
laria;  and  the  hydriform  poljpo  which  results  from  the  development 
of  such  ovum»  together  with  the  organically  connected  colony 
fluch,  developed  by  succes^ve  gemmation,  and  bearing  the  name  of 
Corync^  Campamtluria,  he,  are  larval  forms,  procreating  partheuo- 
genetically^  and  answer  to  the  larval  vesicles  developing  the  cer- 
carioidfl  which  ultimately  change  into  the  generative  forms  of  tre- 
niatode  entozoa.  With  regard  to  those  numerous  species  of  Sertularia 
(e-  g.  ^V  Polt/2oniaxy  M^mo^  rosacea^  pnmila^  haiecina,  Beanii, 
uher^  Bah,  argent^a^  anltnnma^  ramosa^  ihuia)  and  of  Humidaria 
(e.  g*  11^  falcala^ ,  pinnata),  in  wbicli  the  ovicapsules  give  issue  to 
planulap,  subse<iuently  transformed  into  sertulnrian  polypes,  theif^^f 
genetic  cycle  is  of  a  more  simple  character ;  the  germinal  basis  of^H 
the  pknula  must  he  viewed  as  an  ovum  impregnated  by  the 
spermatozoon  developed  in  the  sperm-capsules  of  the  males  above 
described. 

The  Anthozoa  (Jigs,  63-67.),  or  polypes  of  the  second  great  ela8% 
characterised  by  a  distinct  abdominal  cavity  in  which  their  simple  di^ 
gestive  sac  is  suspended,  constitute  the  most  numerous  and  important 
part  of  the  whole  race,  and  include  the  largest  individuals.  They 
are  principally  the  inhabitants  of  the  warmer  or  tropical  seas. 

They  are  subdivided  chiefly  according  to  the  number  and  structure 
of  their  oral  tcntacula.  Most  of  the  species  have  only  eight  of  these 
radiated  prehensile  organs  :  the  rest  have  a  greater  number.  To  this 
latter  group  belong  the  soft-bodied  and  solitary  species  called  Sea-* 
Ancmonies,  or  Actiniee,  which  are  common  upon  our  own  coasts. 

In  the  Actinia  here  dissected  {Jig.&>\  you  will  see  that  the  skin 
of  the  body,  </,  is  thick  and  opaque:  in  the  living  Actinia,  it  is  lubri- 
cated by  a  mucous  secretion  :  it  is  lined  by  a  thick  stratum  of  mus- 
cular fibres^  the  disposition  of  which  is  indicated  by  the  superficial 
atriae,  and  may  be  shown,  in  the  larger  Actiniae,  to  be  in  antagonising 
longitudinal,  and  transverse  or  circular,  fasciculi.  In  the  middle  of 
the  circle  of  the  tentacles,  c,  r,  is  situated  the  contractile  and  dilatable 
mouth,  r/,  from  which  a  short  ctsophagus  leads  to  a  large  gastric 
cavity,  f,  the  parietes  of  which  are  connected  by  a  great  number 
of  membranous  vertical  folds,  g,  g,  with  the  external  wall  of  the  body. 
The  tentacula  are  beset  with  numerous  dart-cells:  they  are  tubular, 

♦  The  ciliated  thuractcr  of  the  embryo,  and  it«  locomotive  power,  sctdcment  and 
inetimioq«hui«ifi  into  ihc  Plumulana  wcits  first  discovered,  aiid  are  heautiftilly  de- 
ecribcd  hy  Dr.  Gnint,  iu  QX1\  who  calU  the  ctul»nu  "  oviim/* 
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peHbrated  at  their  free  extremity,  and  comniiinicate  with  the 

interspaces,  A,  of  the  tneso^ 
gastric  lamellae,  g.  They  ab- 
sorb the  sea-water  into  these 
spaces,  and  are  elongated  by 
the  injection  of  that  water 
into  their  interior.  The  ex- 
tended aurface  of  the  abdo" 
ininal  cavity  is  be«ct  with 
inimmerable  minnte  cilia, 
through  the  action  of  which 
~*.,4  it  is  bathed  by  a  constant 
current  of  the  admitted  me- 
dium of  respiration,  the  sea- 
water,  mixed  with  the  chyle 
from  the  stomach.  These  re- 
spiratory streams  pass  from 
one  compartment  to  another 
hj  the  orifices  marked  |/,  */•  the  arrows  show  their  direction  in  the 
opened  tentacule,  h. 

The  ova  are  formed  within  the  meaogastric  folds :  beneath  w^hich 
are  fiituated  an  equal  number  of  bodies  composed  of  convoluted  tul>es 
which  contain  sx)erm-cellfl  and  spermatozoa,  demonstrating  the  an- 
drogynous nature  of  the  Actinia.  The  impregnated  ova  are  developed 
Into  ciliated  gemmules  in  the  abdominal  reservoir  of  sea-water ;  they 
ftometiines  enter  and  distend  the  hollow  tentacles ;  then  make  their 
way  by  the  small  inferior  aperture  of  the  stomach  into  that  cavity, 
And  finally  escape  by  the  mouth  of  the  parent. 

Many  of  the  large  actiniform  polypes  of  the  tropical  seas  com- 
bine with  a  structure  which  is  essentially  similar  to  our  own  sea- 
anemonies*,  an  internal  calcareous  axis  or  skeleton,  which,  pene- 
tratiDg  the  interior  of  the  mesogastric  folds,  presents  the  lamellated 
imd  radiated  structure  recognisable  in  the  enduring  support 
of  the  large  Fun^m  and  in  the  polype-cells  of  the  skeletons  of  the 
Caryopht/UetB^  3fadrepQT€Ey  &c.  Tliis  skeleton  consists  of  carbonate 
of  Ume,  which  in  the  MadreporintE  is  in  tlie  condition  of  organised 
corpuscles  compacted  into  a  closely  reticulated  mass,  on  a  basis  of 
gebitiDoos  matter.  This  animal  constituent  exists  in  such  a  propor- 
tion ID  some  Cartfoph^llem  (  C*  iinuosa,  e.  g,)  as  to  preserve  the  form 
end  in  some  degree  the  foliated  character  of  the  skeleton  after  solu- 
tion of  the  earthy  part  in  acid.f 

The  spedea  of  polypes  whicli  take  the  most  important  shai'e  in  the 
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luliii^^aiioa  uf  the  vTcnl  Ljliz«Lr  i^-i  r«i beLjiig  to  tlie  present  grouiH 
;iiiil  lui\c  c>s«.ii:iAlIj  lie  :irrL^^:SLr:c  :c  ilw  stn-anemonj,  which  hw 
.iu.-^t  Ucu  a^9C^i■>^l;  -'i*  i^-:«  :c  ^-f  j'!a«?ra  Madrepora  proper, 
.Ia/'/u.u,  jUkd  •.H.Tuiij  iiTf  -.;;  iz-rri  \\.ir.  rw-eive  tentacles. 

'Lo  ihc  f  iibi-JLTtr-*!  ii-iii':-':  :z  '^  iziirroic  Poljpes  belong  those 
>i»<x'i-t<  '^ji.'i  Iitt  iz.  izTrrruI  nziEned  calcareous^  or  flexi- 
^'•i     i  .     bitr,  ^T  ;.:r.:ri  ix:?^  f.  r.  Ai  :le  r*d  oral,  {Jig>S\,c\  the 

divifxoQ  likewise  belongs 
or  *- dead-manVtoes,"  in 
*hkh  lie  Liri  xii?  i?  w-x:::ir;r:  and  the  phosphorescent 
Sei-rez^  ih-e  JVryr.-V/  m.  &=•!  ocier  RemmaiMlid4tf  in  which 
it  is  :3  ceUK:bie-I  ri-ec^sw  I^  all  this  diviiioa  the  poljpes,  a, 
are  re:r:ic:t'«l  in:o  tL-i  sen  enTet^vping  tissue,  b,  not  into 
caloareous  oellj- 

These  <erxa=ipWs  cf  lie  cv«i(K>imd  Antbozoa  differ  from 
the  compound  ilrdrvizv>a  in  LaTi::^  an  internal  instead  of  an  external 

jkel-rtc-c  The  bodr  of  each  polype 
\  ^;(;j-.  ^.  ■  is  lelatirelr  longer  than 
in  ;h«?  ActiMta;  the  prehensile  ten* 
tacl-fs  €u  a  ■  are  broad  and  pinnate^ 
or  with  scolloped  margins..  At  the 
cencr>?  of  their  base  is  atnated  the 
mouth  1 6  ]L  which  leads  to  a  straight 
membranous  alimentary  cavitj,  fixed 
br  Tertical  septa  (d^  d\  called  meso- 
gastric  folds,  to  the  external  inte- 
gument: which  septa  are  continued 
dowa  the  general  visceral  cavity. 
The  dig\'»tive  canal  communicates 
with  iLis  cavity  by  a  small  orifice  (e), 
a:  its  ia:V:r:or  yxr:.  Sea- water  passes, 
probaMy  with  chyle,  through  this 
aperture,  to  circulate  over  the  ex- 
tendovl  ciliated  surface  of  the  abdo« 
minal  ca\  ity  and  the  interior  of  the 
tentacles.  The  hi  patio  cells  of  thi  gastric  parietes  present  a  yel- 
lowish colour  in  Aityonium,  and  a  brown  colour  in  VeretUInm, 

The  contractile  power  of  both  the  Polypes  and  of  their  common 
fleshy  base  in  the  softer  compound  kinds  is  considerable.  In  the 
Alcyonidium  the  lower  half  of  the  polypary  is  of  a  firm  coriaceous 
texture,  the  upper  half  is  softer  and  divided  into  branches,  the  sum- 
mits of  which  are  crowned  witli  polypes  of  the  structure  shown  in 
fig.  So,     These  polypes,   when  touched,  not  only  shrink  into  their 
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iieshj  fossae,  but  the  whole  of  the  soft  part  of  the  polypary  is  con- 
tracted and  withdrawn  into  the  harder  basal  portion.*  Mr.  Darwin 
relates  of  the  Virgularia — a  long  and  slender  kind  of  sea-pen,  which 
Jk  saw  in  vast  numbers  projecting  like  stubble  above  the  surface  of 
the  muddy  sand — that  when  touched  or  pulled  they  suddenly  drew 
themselYcs  in  with  force,  so  as  nearly  or  quite  to  disappear.  The 
ifenJer  calcareous  axis  supporting  the  fleshy  beds  of  the  polypes  of 
this  sea-pen  becomes  softer  and  bent  towards  its  base,  and  the  elasticity 
of  this  part  contributes,  with  the  expansion  of  the  irritable  tissue,  to 
enable  the  Virgularia  to  rise  again  through  the  mud.f 

Ovaria  and  sometimes  tortuous  filamentary  secreting  organs  (/) 
toalogous  to  the  testes  in  the  Actinia,  are  developed  from  the  meso- 
Sutric  folds  in  the  chylaqueous  cavity.  In  the  anthozoic  polypes 
<>fthered  coral  most  of  the  individuals  are  androgjmous,  and  present 
^^  the  ova  and  the  spermatozoa ;  but  a  few  instances  occur  in 
which  some  polypes  develope  only  the  one  kind  of  generative  pro- 
«oct,  and  others  the  other  kind.  In  those  singular  forms  of  com- 
pound polypes,  called  Pennatula,  or  sea-pens,  the  ova  are  found  in 
*he  pinnae  or  branches  of  the  common  stem  or  axis  of  the  polypes. 
Bttt  groups  of  individuals  have  been  found  in  which  only  the  sperm- 
**C8  are  developed.}  In  the  Veretillum  a  delicate  network  of  vessels 
^liveys  the  nutrient  fluid  prepared  by  each  polype  to  the  common 
^Qnecting  parenchyme  of  the  entire  compound  animal. 

In  the  Gorgonia  verrucosa  Cavolini  states  §  that  the  ova,  which 

^  developed  in  an  ovarium  situated  at  the  base  of  each  polype, 

"Oubtless  in  the  mesogastric  folds,  are  discharged  by  eight  small  pores 

which  open  between  the  bases  of  the  eight  tentacles.     The  ova  escape 

^  ciliated  ''planulaj"  of  an  ovoid  form,  which  emerge  from   the 

®^wian  pore  with  their  small  end  foremost,  then  turn  and  swim  with 

*he  great  end  foremost.     In  the  month  of  June  a  Gorgonia,  six  inches 

in  height,  discharged  ninety  such  larvae  in  the  space  of  an  hour. 

They  first  rose  spirally  towards  the  surface  of  the  water,  then  swam 

horizontally.     They  have  the  same  property  as  the  ciliated  planulos 

oi  the  marine  Hydrozoa  of  changing  their  form  by  contraction  of 

their  tissue,  a  property  which  the  ciliated  zoospores  of  sponges  and 

algaj  do  not  possess.     When  the  larvaj  of  the  Gorgoniae  rested  they 

attached  themselves  to  the  vessel  containing  them  by  their  larger 

end.     The  ciliated  embryos  of  the  Caryophyllia  calycularis  are  also 

discharged  by  small  apertures  at  the  basal  interspaces  of  the  tentacles 

of  each  polype.  ||     They  are  of  a  deeper  red  colour  than  those  of  the 

Gorgonia^  have  the  same  locomotive  power,  and   show   the  same 

•  CXXrVT.  p.  2.  t  CXXIX.  p.  99.  f  CXV.  p.  lOl. 
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homogeneoas  granular  texture  wheu  broken  up  under  the  microscope, 
Iti  tlie  Pennatulu  phos^pkorea  the  OFO,  of  the  size  and  fonn  of  poppy 
seeds  and  of  a  yellow  colour,  ure  found  at  the  back  part  of  the  pinnaob 
In  Vir^ularia  mirabilis  the  small,  round  white  ova  are  seen  in  gpring* 
ranged  in  a  double  transverse  row  under  each  of  the  lateral  fleshy 
expansions,  forming  externa!  projections  ;  but  as  the  embryo  acquires 
its  ciliated  superficiea  and  yellow  colour,  it  advances  slowly  into  the 
body  of  the  polype  beneath  which  it  was  developed,  and  begins  to 
manifest  contractions  of  its  tissue  and  revolving  movements,  by  whii 
it  escapes  from  the  mouth  of  the  polype  and  swims  slowly  away< 
This  locomotive  faculty  is  much  abridged,  if  not  wholly  lost,  whe 
the  animal  has  acquired  its  mature  form  and  begins  to  propagate  by 
continuous  gemmation.  The  Fennatulm  do  not  swim,  as  has  been 
supposed,  by  the  movements  of  the  pinnae,  but  move  languidly  ;  most 
of  the  family  remain  at  the  bottom;  and  the  11  rffulnri4e  nuil  Pwro- 
naruc  have  one  end  stuck  deeply  in  the  sand  or  mud,  into  which  they 
can  retract  themselves.  In  the  Lobiilaria  the  ova  are  formed  and 
matured  in  the  Jongitudinal  mesogastric  folds  of  the  polypes*  |  Ellis  { 
has  "well  represented  them,  in  groups  of  from  five  to  eight  in  each  of 
the  canals  below  the  polj^pes,  and  also  the  larvae  in  their  passage 
through  the  transparent  bodies  of  the  polypes.  When  the  larvae  have 
acquired  their  ciliated  surface  and  red  colour  they  become  detached 
Irom  the  niesogastric  folds,  and  work  their  way  slowly  through  the 
polypes  when  the  bodies  of  these  are  expanded  and  distended  with 
water.  Certain  individuals,  or  groups  of  individuals,  of  the  Lohularia 
ditfitaia  have  been  found  to  develop  only  sperm-sacs  and  spermatozoa.  § 
The  fleshy  substance  of  the  Aclim(p,  LohulnricB  and  Alci/onia  is 
eirengthened  by  numerous  minute  calcareous  spiculfe.  Analogous  spi- 
,g  cula&,  but  of  varying  and  cha- 

racleristic  forms^  strengthen 
likewise  the  fleshy  crust  of 
the  red  corals,  jointed  corals, 
and  Gorgoniae ;  but  to  tb 
spiculsc  IS  superadded  the  il 
teriiul  branched  axis,  whicl 
according  to  its  compositii 
and  structure,  characteria 
the  ditferent  genera  of  tli 
group.  The  apiculaj  of  tl 
cortical  part  consist  princi* 
LoitQpbjrii.  aaguio-.,  p^^jj^  ^f  carbonate  of  lime,  like 

the  denser  skeletons  of  the  Madreporidtt,  fig.  06,  with  which  they 
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are  homologous ;  but  the  axis  fig*  64,  c,  consists  of  a  substance 
analogous  to  horn,  hardened  by  phosphate  of  lime  with  only  a  slight 
trace  of  carbonate  of  lime.  In  one  genus  of  Antliozoa,  the  external 
position  of  the  skeleton  which  characterises  the  hydriform  compound 
polypes  is  repeated,  viz.  in  the  Tubipora  ;  but  the  organisation  of  the 

polypes,  protected  by  the  crimson 
pipes  of  this  beautiful  coral,  Jif/.  67, 
is  essentially  the  same  as  in  the  Al' 
cyonium^  Gorgonia,  and  Pennaiula, 

The  most  important  productions  of 
the  apparently  insignificant  race  of 
Polypi  are  the  accumulations  of  the 
calcareous  skeletons  of  the  Antliozoa, 
which  form  the  coral  islands  and 
reefs ;  —  the  dread  of  the  navigator, 
ponmuiica.  — ^^^  admiration  of  the  lover  of  the 

picturesque, — the  subjects  of  the  closest  and  most  interesting  specu- 
lation to  the  naturalist  and  geologist. 

That  masses  of  rock  many  leagues  in  extent  should  be  founded  in 
the  depths  of  the  ocean,  and  built  up  to  the  height  of  hundreds  of 
feet,  by  minute,  frail,  gelatinous  animalcules,  is  indeed  a  phenomenon 
calculated  to  stagger  the  unversed  in  zoological  science,  and  which 
has  demanded  the  repeated  observation  of  the  most  accomplished 
naturalists  and  enlightened  voyagers  to  render  intelligible. 

These  zoophytic  productions  are  classified  under  three  heads: 
"  atolls,"  "  barrier  reefs,"  and  "  fringing  reefs."  The  term  "  atoll "  is 
the  name  given  to  the  coral-islands,  or  lagoon-islands  by  their 
inhabitants  in  the  Indian  ocean.  An  atoll  consists  of  a  wall  or 
mound  of  coral  rock  (Jig.  70.  r'',  r''),  rising  in  the  ocean  from  a  con- 
siderable depth,  and  returning  into  itself  so  as  to  form  a  ring,  with  a 
lagoon,  or  sheet  of  still  water  (/i),  in  the  interior.  The  wall  is  gene- 
rally breached  in  one  or  more  places,  and  when  the  breach  is  deep 
enough  to  admit  a  ship,  the  atoll  affords  it  a  convenient  and  safe 
harbour.  The  outer  side  of  the  reef  usually  sinks  to  a  depth  of  from 
two  to  three  hundred  fathoms,  at  an  angle  of  forty-five  degrees  or 
more :  the  internal  side  shelves  gradually  towards  the  centre  of  the 
lagoon,  forming  a  saucer-shaped  cavity,  the  depth  of  which  varies 
from  one  fathom  to  fifty.  The  summit  of  the  exterior  margin  of  the 
reef  or  wall  is  usually  composed  of  living  species  of  Poritcs  and 
Millcpora,  The  Poritcs  form  irregularly  rounded  masses  of  from 
four  to  eight  feet  broad,  and  of  nearly  equal  thickness  ;  other  parts  of 
the  reef  are  composed  of  thick  vertical  plates  of  the  Millepora  corn- 
plana ta  intersecting  each  other  at  various  angles,  and  forming  an 
exceedingly  strong  honeycombed  mass.      The  dead  parts  of  these 
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CslcareoQS  skeletons  are  Jo(ien  cemented  over  with  a  lajcr  of  tb< 
mariiie  vegetable  called  NuUqyora^  which  can  better  bear  exposure 
to  the  air. 

This  strong  barrier  is  well  fitted  to  receive  the  first  shock  of  the 
IicaTy  waves  of  the  fathomless  ocean  without ;    anJ,  what  at  first 
appears  surprising,  insitcad  of  wearing  awav  at  its  cuter  edge»  it  ts 
here  only  that   the  solid  reef  increases.     The  coral  animals  thrive 
best  in  the  surf  occasioned  bj  the  breakers.     Through  this  agitation 
an  ever-changing  and  aerated  body  of  sea  water  washes  over  their 
surface,  and  their  imperfect   respiration  is  maintained  at  the  highest 
itate   of  activity.     Abundant  animalcules,   and   the  like  objects  of 
foody  are  thus  constantly  brought  within  the  sphere  of  the  tentacula 
of  the  hungry  polypes.     Their  reproductire  gemmules  are  rapidly 
and  extensively  dispersed  amongst  the  crevices  of  the  calcareous  raa.*s. 
By  the   force  of  unusual  stonns  this  outer   reef  is    occasionally 
breached,  and  huge  masses  arc  torn  off  and  driven  towards  the  lagoon, 
where  they  form  an   inner  barrier  or  reef.     The  broken  surface  be- 
comes the  seat  of  attachment  of  the  young  of  the  neighbouring  corals, 
tlie  successive  generations  of  which,  by  the  rapid  growth  and  de- 
velopment of  their  calcareous  skeletons,  soon  repair  the  damage  of 
the  storm.     The  masses  of  broken  coral  thus  driven  inward  towards 
the  lagoon,  accumulate  in  time  to  the  height  of  some  feet  above  higl 
water.     These  fragments  are  mixed  witb  sand  and  shells,  and  form 
favourable  soil  for  the  development  and  growth  of  vegetablea, 
cocoa  palms,  the  large  nuts  of  which  maybe  borne  hither  by  currents 
of  the  ocean,  from  Sumatra  or  Java,  60t>  miles  distant.     Turtles  like- 
wise float  to  tbe  nascent  island,  browse  on  the  sea  weeds  which  grow 
in  the  lagoon,  and  breed  there.     Numerous  specie«  of  fi^h  and  shell- 
fish flourish  in  the  same  still  water,  which  abounds  with  animal  life. 
Man  comes  at  last  and  takes  possesj^ion  of  the  island  ;  and  the  cocoa- 
nut,  tlie  turtle,  and  the  fish  allbrd  him  abundant  and  wholesome  food. 
But  you  will  Qsk   how  he  supplies  himself  with  that  necessary  of 
life,  fresh  water  ?     This  is  obtained  in  a  very  simple  and  uncxpect« 
manner  from  shallow  wclb,  dug  in  the  calcareous  sand,  which  ebl 
and  How  with  ilie  tides,  yet  are  almost  wholly  free  from   the  eali: 
partirles  of  the  ocean.     Some  have  supposed  that  the  sea  water  h 
its  peculiar  salts  by  infiltration  llirougb  the  cukareous  mass.     Mn 
Darwin  thinks  that  it  is  derived  from  the  r:iin  water,   which,  being 
sporifically  lighter  than  the  «alt,  kf  eps  floating   on  its  surface,  and  is 
subject  to  the  same  movements  :  howsoever  this  may  be,  the  fact  is 
certain.     A  lU  and  convenient  abode  for  the  human  species  is  fabri- 
cated by  the  action  of  tlio  feeble,  gelatinous  polypes,  and  a  wihi  and 
almost  boundless  waste  of  waters  is  enlivened  by  oases  which  navi* 
gators  have  described  as  earthly  paradises. 
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A  barrier  reef  {jig*  69.  r^,  r^  is  essentially  similar  to  the  atoll  or 
coral-island.  It  runs  parallel  with  the  shores  of  some  larger  island  or 
coDtiDent ;  separated,  however,  from  the  land,  bj  a  broad  and  deep 
hgoon  channel  (»,  fi),  and  having  the  outer  side  as  deep  and  steep  as 
in  the  Lagoon  Islands.  Here  likewise  the  skeletons  of  the  Zoophytes, 
of  which  the  reef  is  composed,  are  found  on  the  outer  precipitous  wall 
u  deep  as  sounding  line  can  reach. 

The  third  class  of  coral  productions  which  Mr.  Darwin  terms 
"fringing  reefs"  (^.  68.  r,  r),  differ  from  the  barrier  reefs  in  having 
B  comparatively  small  depth  of  water  on  the  outer  side,  and  a  nar- 
n)wer  and  shallower  lagoon  channel  between  them  and  the  main  land. 

These  differences  in  the  characters  of  the  wonderful  fabrications  of 
^  coral  animalcules  are  explicable  by  the  following  facts  in  their 
plijsiology.  The  animals  of  the  Porites  and  MiileponB  cannot  exist 
^  &  greater  depth  than  twenty  or  thirty  fathoms ;  beyond  this  the 
*^uli  of  light  and  heat  derived  from  the  solar  beams  become  too 
feeble  to  excite  and  maintain  their  vital  powers.  On  the  other  hand, 
Acir  tissues  are  so  delicate,  that  a  brief  direct  exposure  to  the  sun's 
'*y8  kills  them  ;  and  unless  they  are  constantly  immersed  in  water  or 
*^ten  by  the  surf,  they  cannot  live.  Thus,  in  whatever  position 
l^e  calcareous  skeleton  of  a  Madrepore  or  Millepore  may  be  found,  it 
^  certain  that  it  must  have  been  developed  within  thirty  fathoms  of 
^c  surface  of  the  ocean.  If  it  coats  the  summit  of  the  lofty  moun- 
^ns  of  Tahiti  *,  it  must  have  been  lifted  above  the  sea  by  the  eleva- 
^on  of  the  rock  on  which  it  was  originally  deposited.  If  it  is  brought 
'Pfrom  the  depth  of  200  or  300  fathoms,  as  at  Cardoo  Atoll  or 
deling  Atoll,  it  must  have  been  dragged  down  to  that  depth  by  a 
P^nal  subsidence  of  the  foundation  on  which  the  living  madrepore 
^ce  flourished.  It  is  by  these  movements  of  upheaval  and  sub- 
^dence  of  the  earth's  crust,  that  Mr.  Darwin  explains  the  different 
forms  which  characterise  the  extraordinary  productions  of  the  coral 
^imals.  AtoHsy  according  to  this  author,  rest  on  land  which  has 
^bsided,  and  part  of  which  was  once  dry.  Barrier  reefs  indicate 
^c  ishinds  or  continents,  which  they  encircle,  to  be  the  remains  of 
'^^  now  partly  submerged,  and  perhaps  in  progress  towards  final 
cisappearance.  Fringing  reefs,  on  the  contrary,  indicate  either  that 
"^c  shores  are  stationary,  or  that  they  are  now  rising,  as  in  most  of 
"^c  Sandwich  Islands,  where  former  reefs  have  been  raised  many 
Ws  above  the  sea. 

Elizabeth  Island,  which  is  eighty  feet  in  height,  is  entirely  com- 
posed of  coral-rock.     The  coral  animals,  thus  progressively  lifted 

*  Mr.  Stutebbury  here  found  a  regular  stratum  of  scmifossil  coral  at  5000  and 
*000  feet  above  the  level  of  the  sea. 
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» are  eompdled  to  enty  on  llMir  op&nAcam  man 
fh>m  the  fimner  theatrai  of  tibeir  constmctiTa 
;  extend  deeper  than  thdr  allotted  thirtj-  fmtlionis ; 
I  of  their  snhmarine  masonrj  Is  eentrifii^  ami  deeeend* 
the  Umd  that  supports  them  ifl|  on  tiie  oontrarj,  ia 
I  ef  sabmergence,  thej  are  compelled  to  hnild  their  edifiees 
'  higher  and  in  a  narrower  circuit ;  in  other  words^  the 
I  «f  their  growth  is  centripetal  and  ascending.    The  terms 
\  and  descending,  of  course^  onlj  here  apply  to  the  rdatioD 
^<»  <enil  hniHnrn  to  the  unstable  land,  not  to  the  level  of  the  m- 


1^  Ibrmation  of  an  atoll  bj  the  upward  growth  of  the  conb 
a  gradual  sinking  of  the  land  forming  their  supporting  base  is 

iUustrated  by  the«i  dia- 
grams from  Mr.  Dup- 
win's  woric*  FlgmGa. 
represents  the  section  of 
''*»^'^-  an  island  (0,  »).   au^ 

fiaailnfl  bj  a  fringing  reef,  r,  rising  to  the  surface  of  the  sea»  a.  L 
^  the  knd  sinks  down,  the  living  coral,  bathed  bj  the  anrf  on  the 
lailgin  of  the  reef;  builds  upwards  to  regain  the  snrfiwe*  But  the 
IiImmI  becomes  lower  and  smaller,  and  the  space  between  the  e4ge  of 
^  f^i  n  and  the  beach  proportionatelj  broader.  A  section  of  the 
H^and  Island,  after  a  subsidence  of  several  hundred  feet,  is  given  in 
^^  ^        ^    ej         figure  69.    The  former 

'■^       **;    living  margin  of  the  reet 

^-Z::!M111[^^     r^  ia   ^ow    dead  corn!, 

—J    dragged  down  to  depths 

*^*'"'^  at    which    the    poljpes 

v«ia«e  to  exist  i  but  their  progeny  continue  in  active  life  at  r',  now  the 
margin  of  a  ImrritMr  reef,  separated  by  the  lagoon  channel  n,  from  the 
rt^uimni  of  tho  land  b.  Let  the  island  go  on  subsiding,  and  the 
\HM'<^)  rtH^f  will  ixintinuo  growing  up  on  its  own  foundation,  whilst  the 
waiter  gains  on  the  land,  until  the  highest  point  is  covered,  and  there 

0  s,  remains  a  perfect  atoll, 
of  which  figure  70.  re- 
presents a  vertical  sec- 
tion. In  this  diagram 
r^'  is  the*  living  and 
am^  growing  outer  margin  of 
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ikA  ^u^l^^Hn«  W«f*  ••^^  •'^'^  lagoon  channel  is  now  converted  into  the 
JJ^^H^Ura^kk«•krfl^H^•toU.    Hius  by  Ae  process  of  subsidence 
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the  fringing  reef  {^Jig.  63.)  is  converted  into  the  barrier  reef  {Jig.  69.), 
and  this  into  the  atoll  {fig.  70.). 

If  the  movement  of  the  land  should  now  be  reversed,  and  the  level 
of  the  sea  be  again  brought  back  by  elevation  of  the  island,  to  the 
line  (8.  \*fig.  70.),  an  island  apparently  composed  exclusively  of  coral 
rock,  like  Elizabeth  Island,  would  be  the  result. 

The  prodigious  extent  of  the  combined  and  unintermitting  labours 
of  these  little  world-architects  must  be  witnessed  in  order  to  be 
adequately  conceived.  They  have  built  up  a  barrier-reef  along 
the  shores  of  New  Caledonia  for  a  length  of  400  miles,  and 
another  which  runs  along  the  north-east  coast  of  Australia  1000  miles 
in  extent.  To  take  a  small  example,  a  single  atoll  may  be  50  miles 
in  length  by  20  in  breadth;  so  that  if  the  ledge  of  coral  rock  forming 
the  ring  were  extended  in  one  line  it  would  be  120  miles  in  length. 
Assuming  it  to  be  a  quarter  of  a  mile  in  breadth,  and  150  feet  deep, 
here  is  a  mound,  compared  with  which  the  walls  of  Babylon,  the 
great  wall  of  China,  or  the  pyramids  of  Egypt,  are  but  children's 
toys  ;  and  built  too  amidst  the  waves  of  the  ocean  and  in  defiance  of 
its  storms,  which  sweep  away  the  most  solid  works  of  man. 

The  geologist,  in  contemplating  these  stupendous  operations, 
appreciates  the  conditions  and  powers  by  which  were  deposited  in 
ancient  times,  and  under  other  atmospheric  influences  than  now 
characterise  our  climate,  those  downs  of  chalk  which  give  fertility  to 
the  south  coast  and  many  other  parts  of  our  native  island.  The 
remains  of  the  corals  in  these  masses,  though  similar  in  their  general 
nature,  are  specifically  distinct  from  the  living  polypes  which  are 
now  actively  engaged  in  forming  similar  fertile  deposits  on  the 
undulating  and  half  submerged  crust  of  the  earth,  washed  by  the 
Indian  and  Pacific  oceans.*  Again,  those  masses  of  limestone  rocks 
which  form  a  large  part  of  the  older  secondary  formations,  give 
evidence,  by  their  organic  remains,  that  they  too  are  due  to  the 
secretions  of  gelatinous  polypes,  the  species  of  which  perished  before 
those  that  formed  the  cretaceous  strata  were  created.  As  the  polypes 
of  the  secondary  epochs  have  been  superseded  by  the  Porites^ 
MilleporiBy  Madrepora^  and  other  genera  of  calcareous  Anthozoa  of 
the  present  day,  so  these,  in  all  probability,  are  destined  to  give  way 
in  their  turn  to  new  forms  of  essentially  analogous  Zoophytes,  to 
which,  in  time  to  come,  the  same  great  office  will  be  assigned,  to 
clothe  with  fertile  lime-stone  future  rising  continents. 

*  See  the  admirable  description  of  the  corals  of  the  chalk  by  Mr.  Lonsdale,  in 
CXXL  pp.  237—324. 
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t;i*  1%  deeper  and  truer  insight  into  the  structure  and  vital  properties 
vi'  ktie  low-organised,  ramified,  composite,  hjdriform  polypes,  which, 
Lke  little  trees  adorned  with  polypetalous  flowers  and  supporting 
thi'ir  annual  crop  of  deciduous  fruit  or  seed-capsules,  deceived  such 
clear-siglited  observes  as  Tournefort  and  Ray  as  to  their  real  nature, 
aud  were  classed  by  them  with  vegetables ;  if  organised  beings,  so 
obviously  like  plants  in  external  form  and  in  some  of  their  most  con- 
spicuous changes,  can  be  proved  by  the  anatomist  to  belong  unequi- 
vocally to  the  Animal  Kingdom,  without  the  determination  being 
vitiated  or  obscured  by  any  real  or  essential  vegetable  character  ;  — 
if  the  calcareous  masses  of  Madrepores  and  Millepores,  classed  by 
Boccone  and  Guison  as  species  of  minerals,  and  which  once  were  the 
subjects  of  curious  speculations  on  tlie  growth  of  stones,  have  been 
prove<l  by  the  recognition  of  the  more  complicated  organisation  of 
the  polypes  which  they  support,  to  be  the  products  of  the  vital  actions 
of  such  polypes,  and  as  essentially  a  part  of  those  animals  as  the 
skeleton  of  a  man  is  a  part  of  his  body  ; —  still  more  does  the  ana- 
tomical structure  of  the  third  division  of  polypes  prove  how  in- 
ndcHiuate  is  a  superficial  survey  of  an  organised  being  to  lead  to  true 
notions  of  its  nature  and  affinities.  The  Bryozoa,  which  coat,  as 
with  a  delicate  moss,  fuci,  shells,  or  other  marine  productions,  or 
which  rise  in  dendritic  forms,  like  the  hydrozoic  corallines,  with 
whicli  tbcy  were  associated  by  Ellisf,  with  which  they  would  equally 
linvo  i)assed  for  plants  with  Ray,  are,  perhaps,  the  most  striking 
rxaniplos  of  how  complicated  an  animal  structure  may  be  masked  by 
mere  outward  form. 

A  looi»motive  organised  being  must  possess  an  internal  digestive 
Htore-rooin;  but  tlie  converse  of  the  proposition  does  not  hold  good, 
-  -  u  dijrostive  cavity  does  not  imply  the  powers  of  locomotion. 

'I'he  Hryozoon  has  not  merely  a  digestive  cavity,  like  the  Hydra 
iiiid  the  Actinia  ;  it  has  not  merely  the  characteristic  mouth  and 
I'ltdiated  prehensile  organs  for  the  capture  of  living  prey  ;  but  it  has 

♦  Khivnlvrs.  t'XXXlll.  v^**-*''-   /Vj!/^i».     Thomivsou, CXXIIL  p.  92.  (1830.) 

I  rliU  niTinuhMOwnor.  lumoMT.  i»l;uvs  many  of  the  Biyozoa  in  a  family,  03 
•  VI  tint  mil*  mnd linos"  »li>lin\i  lV\mi  iho  "  vciioulaicvl "  and  -  tubular  "  coralline^ 
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ako  an  oesophagus  for  deglutition,  nn  intestine  for  the  separation 
of  the  nutrient  chyle,  and  a  distinct  external  outlet  for  the  indi- 
gestible refuse  of  the  food:  it  may  possess  a  stomach  with  strong 
muscular  waUs  and  a  dentated  lining  for  trituration,  and  a  second 
itomach  with  glandular  walls  for  digestive  solution  or  chymification, 
tnd  thas  present  an  alimentary  canal  as  complicated  and  as  highly 
elaborated  as  in  the  bird.  Yet  the  microscopic  polypes  which 
numifest  this  high  condition  of  the  digestive  apparatus  are  fettered 
to  the  spot,  where,  as  ciliated  gemmules,  they  finally  rested  after 
their  brief  early  locomotive  stage :  the  complex  digestive  apparatus  is 
developed  for  the  service  of  an  organised  being  as  immovable  as  the 
pbmt  which  is  rooted  in  the  soil.  But  we  shall,  hereafter,  meet  with 
inimals  of  higher  grade  of  organisation  than  the  Bryozoic  polypes,  as 
e.  g.  the  Barnacle,  the  Oyster,  and  the  Spondylus,  which  are  equally 
lettered  to  the  spot  on  which  they  grow,  and  which  more  strikingly 
demonstrate  how  secondary  a  character  of  animal  life  is  mere 
Ijcomotion. 

The  complicated  and  characteristic  condition  of  the  alimentary 
canal  in  the  Bryozoa  was  discovered  independently  and  nearly  about 
^  same  time,  by  Ehrenberg*,  by  Audouin  and  Edwardsf,  and  by 
^*  V.  Thompson.}  The  ciliated  structure  of  the  arms  was  observed 
^  Steinbuch  §  and  Dr.  Fleming.  Q  The  ciliated  larvae,  and  their 
place  of  development,  have  been  well  described  in  the  Flustra 
^rbetia  by  Dr.  Grant.!  All  these  observations  have  received  a 
welcome  confirmation,  and  many  highly  interesting  facts  in  the 
<)igani8ation  and  properties  of  the  Bryozoa  have  been  added  by  Dr. 
A.  Farre ;  a  careful  perusal  of  whose  admirable  Memoir  in  the 
Philosophical  Transactions  for  1837**,  will  amply  repay  the  reader. 

Most  of  the  Bryozoa  are  microscopic;  but,  being  composite  or 
aggregated  animals,  they  sometimes  form  sufficiently  conspicuous 
jmasses.  The  most  familiar  and  common  species  constitute  the 
substance  called  sea-mat  {Flustra\  which  incrusts,  by  its  little 
hexagonal  cells,  as  by  a  delicate  mosaic  pavement,  sea-weed,  shells, 
and  other  marine  bodies.  The  calcareous  sea-mat  is  called  Eschara^ 
Some  species  {Halodactylwi)  rise  from  their  surface  of  attachment 
and  form  amorphous  masses,  like  sponge;  others  (Vesicularioy 
ValkeriOj  Serialaria^  Cellularid)  are  regularly  and  delicately  rami- 
fied, like  the  little  hydriform  corallines. 

*  CXXXHL    Bryozoa  "  ore  anoqnc  distinctis  tnbo  cibario  pcrfccto." 

t  CXXrV.  p.  13.  t  CXXIIL 

§  CXXV.  p.  S9.  11  CXXVL  p.  488i  pi  xv.  fig.  1.  c. 

^  CVm.  p.  116.  ♦♦  XXXV.  p.  387.  plates  xx.  to  xxvii. 
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Each  poly{>o    presents  an  oblong  depressed,   or  elongated   and 

cylindrical  fig uro»  and  is  protected  by 
a  dense  integument  in  the  form  of  a 
cell  or  cage  {Jig^  71,  a»  a),  to  the  mouth 
of  which  15  attached  a  sac  (ft,  b')  com- 
posed of  very  deFicate  and  flexible 
membrane.  This  constitutes  the  upper 
or  anterior  integument  of  the  polype 
when  it  is  protruded,  and  is  reflected, 
like  the  inverted  finger  of  a  glove,  into 
the  firmer  portion  of  the  cell  when  the 
polype  is  retracted^  as  at  B,  In  general 
the  integument  forming  the  firm  ceU  is 
of  a  homy  texture  ;  but  in  the  Escharm 
it  is  hardened  by  the  deposition  of  par- 
ticles of  carbonate  of  lime  in  the  orga- 
nised animal  basis  ;  so  that  the  external 
skeletons  of  the  Bryozoa  ofler  analogous 
conditions  to  the  cartilaginous  and  bony 
states  of  the  internal  skeletons  of  fishes. 
The  mouths  of  the  cells  in  Eschara  and 
Vellepora  are  provided  with  a  moveable 
lid  with  a  pair  of  muscles  for  closing 
it,  when  the  polype  is  retracted.*  In 
the  Tend r a  zostcricola  there  is  instead 
Foi]rpMor»Bryo«o€«,m»g«ijfiid.  X  so.  of  a  solid  Operculum  a  large  flat  fleshy 
ring,  fixed  to  tlie  walls  of  the  cell  by  four  muscular  fasciculi :  four 
other  bundles  attach  the  opercular  ring  to  the  border  of  the  opening 
of  the  cell:  the  movements  of  this  muscular  mechanism  are  both 
curious  and  beautiful  when  the  little  polype  protrudes  from  or  draws 
back  into  its  cell. 

In  the  cylindrical  Bryozoa,  as  the  Bowerbankia^  the  flexible  part 
of  the  integnmeot  consists  of  two  portions ;  the  lower  half  being  a 
Bimple  continuation  of  the  cell ;  the  upper  one  consisting  of  a  cylin- 
drical series  of  setae  (^'),  connected  togetlier  by  an  extremely  delicate 
and  elastic  membrane,  permitting  a  certain  extension  of  the  cylinder, 
which,  at  the  same  time,  snpports  and  allows  free  motion  to  the  upper 
part  of  the  body  in  its  expanded  state*  The  mouth  of  the  polype  is 
situated  at  this  extremity  of  the  body,  and  is  surrounded  by  a 
radiated  series  of  slender,  ciliated  tentacula  {c\  eight,  ten,  twelve,  or 
more  in  number,  according  to  the  genus. 

The  muscular  system  is  developed  in  the  present  highly  organised 
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doss  of  polypes,  iti  the  form  of  distinct  groups  of  fibres.  Their 
armngement^  and  the  actions  by  whicli  tbey  etfect  the  protrusion  and 
retraction  of  the  polype,  are  minutely  and  clearly  described  by  Dr- 
Karre,*  The  retractor  muscles  form  two  series,  one  acting  upon  the 
aliaieDtary  canal,  and  the  other  upon  the  flexible  part  of  the  cell. 
One  stories  rises  from  the  bottom  of  the  cell,  and  ia  inserted  about  the 
tMi8€  of  the  stomach  (d) ;  the  other  {e,  B)  arises  from  the  opposite 
aide  of  the  bottom  of  the  cell,  and  passes  upwards  to  he  inserted  near 
the  base  of  the  tentacula.  The  muscles  which  retract  the  flexible 
integument  and  the  setose  operculum  arise  near  the  upper  margin  of 
tlie  cell  (between  e  and  a,  B),  and  are  disposed  in  six  fasciculi,  three 
of  which  act  upon  the  membrane,  and  the  other  three  upon  the 
bundle  of  setae  by  which  it  is  crownt^d.  When  the  animal  is  re- 
Inicted,  the  setse,  which  are  drawn  in  after  the  tcntacuk,  converge 
aod  form  a  kind  of  defensive  operculum.  The  crsophagus  and  iu- 
idgtine  are  bent  into  folds  :  their  parietes  are  contractile. 

The  protrusion  of  the  animal  is  efTt^cted,  partly  hy  the  action  of 
short  transverse  muscular  filaments  (e),  which  tend  to  compress  the 

inclosed  viscera,  and  partly 
hy  the  action  of  the  ali- 
mentary canal  itself.  The 
bundle  of  seta^  (Jig.  72.,  L, 
f/,  bf  c)  first  rises  out  of  the 
apex  of  the  cell  (c\  and  is 
followed  by  the  rest  of  the 
flexible  integument  (ib.  2.): 
the  tentacula  next  pass  up 
between  the  setaj  {d%  and 
separate  them  ;  the  folds  of  - 
the  oesophagus  and  intetitine 
\nJiia.  are  fltraightenedj  and  when 

the  act  of  protrusion  is  completed,  the  crown  of  tentacles  expands 
and  their  cilia  commence  vibrating  (Jig*  71.  c). 

The  advantage  to  Physiology  of  the  researches  of  the  comparative 
nnatomist  in  the  minute  forms  of  animal  life^  is  often  very  great,  in 
consequence  of  the  favourable  conditions  which  the  transparency  of 
tlie  inicfument,  and  the  distinctness  of  the  contained  parts  of  such 
moimalculea,  afford  for  the  direct  observation  of  some  of  the  most 
recondite  and  important  vital  actions.  As  regards  the  Bryozoa,  the 
mnscka  are*  &d  it  were,  naturally  dissected  or  separated  into  their 
componenl  filame&ts.     Each  filament  generally  presents  a  small  knot 


of  the   operculum  *nd  a] 
If,  in  ftrtir  •ta^fo.    Bon  — 


•  XXXV.  pp,  394—398. 
S.  3 


^fibB 


148 


LKCTUBE  VTH, 


upon  its  midiile  part:  this  is  most  apparent,  being  thickened  when 
the  filament  contrnrts,  at  which  time  the  whole  (ilamcnt  is  obviously 
tliicker.     Wlien  the  aelion  censes  and  the   filament  i»  relaxed,   th^ 
distance  between  its  fixed  points  being  diminished,  as  happens  to  tb€ 
longitudinal  fibres  when  the  polype  is  retracted  into  its  cell,  such 
fibre  falls  into  undulations.     The  thickening  of  the  muscular  fibre  i 
tlie  act  of  contraction,  and  its  folded  state  when  it  relaxes,  before  thd 
ontjigonisiug  muscles  have  restured  the  extremities  of  tlie  contracted 
fibre  to  their  ordinary  distance^  has  been    observed   in  other  lo¥ 
organised  animals,  as  small  Filarim.*     The  higher  organised  subject 
selected  by  MM*  Prevost  and  Dumas,  were  less  favourable  for  thil 
delicate  experiment,  and  they  consequently  niistook  the  zig-zag  re 
taxation  of  the  muscular  fibre  for  its  act  of  contraction.     In  Noiamid 
and  Angitinaria  a  faint  striation  has  been  observed  on  the  ultimate" 
fibre.     Minute  appendages  called  ** pedicel lariae"  are  lixed  to  the  cells 
in  most  Bryozoa.     Ellis,  who  lias  figured  them  in  the  Cellularia  avi^ 
cularis,  compares  them  to  **  a  Lird*a  head  with  a  crooked  beak,  opening 
yery  wide:"t  they  consist  of  a  fixed  and  a  moveable  nipper,  like  a 
crab's  claw,  the  latter  being  worked  by  nMiscles  arising  from  the  in- 
terior of  the  fixed  portion.   Jn  the  Bcfepora  ceUnlosa  the  pedicellaria 
resemble  a  pair  of  pincers  :  in  the  Tehgraphina  they  are  simple  one 
jointed  spines.     The  entire  pedieellai  ins  in  many  Bryozoa*  have  < 
I  a  lory  movements,  more  or  less  rapid  and  regular,  in  difierent  specie 
The  removal  of  the  polype  fVoni  the  cell  to  which  they  may  be  attache 
does  not  aflect  these  movements  :  and  if  a  chelate  pedicellaria  be 
ofiT,  its  moveable  nipper  continues  for  some  time  to  open  and  close.:J 
Dumortier  describes  two  nervous  ganglions  near  the  motith  of  ' 
Piumuiclla   cristata^    and    Nonlmanu   similar   ganglions   in   Plum 
campanuiata  and  Tendra  zosiericola,     Y.  Beneden  believer  that  he 
has  traced  an  oesophageal  nervous  collar  in  the   Aln/oneiia  §  ;  but 
Dr.  Farre  was  unable  to  satisfy  himself  as  to  any  definite  trace  of  a 
nervous  system  in  the  marine  Bryozoa^  which  ho  has  so  ably  ana 
tomised*     The  reaction  of  stimuli   upon  the  contractile   fibre  was? 
however,  a  striking  phenoJiienon  in  these.     The  animal  retires  into 
its  cell  on  the  slightest  alarm,  and  refuses  to  expose  itself  to  water 
which  lias  become  in  the  least  degree  deteriorated.     Dr.  Farre  hi 
observed  the  creeping  of  a  very  small  animalcule  over  the  top  of  OD 
of  the  closed  cells  to  be  followed  instantly  by  the  shrinking  of  th 
soft  parts  beneath.     But  the  nervous  system  is  indicated  in  the 
little  polypes  by  something  more  than  reflex  phenomena  :  they  seem 
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to  exercise  a  certain  caution  before  emerging  from  their  cells.  One 
OT  more  of  the  tentacles  have  been  seen  to  be  protruded  and  turned 
over  the  side  of  the  cell,  as  if  to  ascertain  the  presence  or  absence  of 
an  enemy.* 

I  most  now  proceed  to  describe  these  tentacula  (c,  c),  which  are 
the  means  whereby  the  Bryozoa  obtain  their  food.  They  differ 
considerably  from  tlie  corresponding  tentacula  in  the  Hydrozoa  and 
Anthozoa,  in  being  stiffer  and  provided  with  vibratile  cilia.  These 
dlia  are  arranged  on  opposite  sides  of  the  tentacle,  along  which  sides 
they  occasion,  by  their  active  vibration,  opposite  currents  of  the 
surrounding  water :  they  vibrate,  not  in  the  plane  of  the  arms,  but  at 
right  angles  with  it,  and  bend  obliquely  in  the  form  of  a  hook.f  In 
some  species  a  few  fine  hair-like  processes,  which  are  motionless, 
project  from  the  back  of  the  tentacula.  The  action  of  the  tentacular 
cilia  appears  to  be  under  the  control  of  the  animal,  and  they  are 
sometimes  seen  completely  at  rest.  The  arms  are  tubular  throughout, 
and  have  an  aperture  at  each  extremity.  The  ring  upon  which  they 
are  set  forms  a  projecting  edge  around  the  mouth.  The  particles  of 
food  are  carried  down  the  inner  surface  of  each  arm,  and  the  mouth 
and  pharynx  expand  to  receive  such  as  are  appropriate,  as  if  by  an 
act  of  selection.  The  rejected  particles  pass  out  between  the  bases  of 
the  tentacula,  or  are  driven  off  by  the  centrifugal  currents. 

In  the  fresh-water  AlcyonellcB  and  CrUtatellce  the  mouth  is  pro- 
vided with  a  tongue-  shaped  process  covered  with  vibratile  cilia. 
Nordmann  describes  each  of  the  eight  ciliated  tentacles  in  the  Tendra 
zosiericola  as  being  traversed  by  two  longitudinal  canals.} 

The  pharynx  in  all  Bryozoa  is  less  dilatable  than  is  the  mouth 
of  the  Hydra  or  Actinia.  The  constriction  of  the  pharynx,  by 
which  the  food  is  driven  into  the  oesophagus,  is  a  very  well-marked 
action.  The  parietes  of  the  gullet  consist  of  three  layers  of  which 
the  two  outer  ones  seem  to '  be  muscular,  and  are  thick  in  Tendra : 
the  inner  layer  is  a  thin  epithelium  over  which  a  network  of  de- 
licate canals  in  a  polygonal  pattern  is  spread.  The  cardiac  orifice 
(^'  71>  ff)  seems  to  project  into  the  oesophagus  upon  a  valvular  pro- 
minence ;  it  opens  into  a  small  globular  cavity  (A),  which  has  the 
construction  of  a  gizzard :  the  interior  of  this  cavity  is  lined  by  a 
strong  epithelium,  the  cells  of  which  project  into  the  cavity  like 
pointed  teeth,  and  the  food  is  subject  to  comminution  in  this  cavity. 
With  the  gizzard  is  associated,  as  in  birds,  a  distinct  glandular  com- 
partment of  the  stomach  (t) ;  but  this  is  situated  between  the  gizzard 
and  intestine,  not  between  the  gizzard  and  oesophagus :  its  walls  are 
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fituddcd  with  celb  or  folUclea  filled  with  a  deep  brown  secretion, 

which  mfty  be  regarded  as  fjepaiic  follicles.  The  intestine  is  con- 
tinued from  a  dislinet  jjyloric  orifice  {k%  which  is  situated  at  the 
upper  part  of  the  glandular  stomach  near  the  gizzard.  This  orilice 
is  surrounded  by  vibratile  cilia.  The  food  is  fre^queutly  regurgitated 
into  the  gizzard,  and,  after  having  undergone  additional  comminution^ 
is  returned  to  the  stomach.  Here  it  is  kept  in  constant  agitation^ 
and  the  particles  pass  bj  a  rotatory  action  from  the  pylorus  into  the 
intestine.  The  indigegtible  particles  are  there  formed  into  little 
pellets,  which  are  carried  rapidly  upwards  to  the  anal  oritice  (0»  ^nd 
after  being  expelled,  are  immediately  whirled  away  in  the  current 
produced  by  the  ciliated  tentacula.  The  intestine  in  CrisialiUa  is 
short  as  compared  with  that  in  ^/%r.  7L,  and  in  VesicHlarm,  The 
action  of  the  sphincter  may  be  seen  when  the  fa*ces  are  expelled. 

A  small  filament,  conjectured  to  be  tubular,  which  passed  from  the 
1*086  of  the  glandular  stomach  to  the  common  stem  (m)  supporting  the 
cell  of  the  polype,  is  the  only  trace  of  the  nutrient  or  vascular  system 
which  Dr.  Farre  could  detect.  When  the  common  stem  of  a  ramified 
Bryozoon  is  cut  across,  it  seems  to  be  nearly  homogeneous,  and  does 
not  present  tliat  obvious  distinction  between  hard  and  soft  parts,  nor 
the  canal  with  circulating  particles,  which  are  observed  in  the  stems 
of  the  conipoimd  Hydro^oa.  Yet  it  can  scarcely  be  doubted  but  that 
nutrient  currents  must  traverse  the  common  connecting  organic 
medium  or  stem  of  the  Bryozoa,  both  for  its  own  support  and  growthf 
and  for  the  supply  of  the  means  of  growth  to  the  young  animals  (C) 
which  are  developed  from  it  by  the  process  of  gemmation* 

The  function  of  respiration  must  be  reftrred  to  those  parts  of  the 
body  which  are  provided  with  the  means  of  effecting  a  constant  re- 
newal of  the  surrounding  oxygenired  medium  upon  its  surface.  In 
the  ciliated  teutaculn,  whose  currents,  Dr,  Farre  observes,  seem  much 
beyond  what  is  necessary  to  affbrd  a  sufficient  supply  of  fcKjd,  we 
most  probably  perceive  the  principal  respiratory  as  well  as  prehensile 
organs,  Tliere  is  a  regular  and  uninterrupted  stream  of  ffuid  in  a 
given  direction  in  the  ahdomioal  cavity:  whence  it  extends  into  the 
canals  of  the  tentacula,  Siebold  regards  this  movement  as  being 
due  to  the  ciliated  epithelium  which  he  detected  lining  the  abdo* 
minal  cavity  of  Crista tetla  mirabilis  and  Alcj/oneiia  liagnorum. 
Van  Beneden  indicates  a  series  of  pores  at  the  bases  of  the  tentacuhi 
in  the  AJcyonella,  which  he  calls  "  bouche^  aquiftTes,"  conceiving 
that  by  them  water  is  admitted  into  the  abdominal  cavity,* 

The  individuals  of  the  Bryozoa  are  multiplied  by  two  processes  of 
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generation ;  the  one  bj  gemm»  or  buds  from  the  common  stem  or 
polypary,  which  appears  to  be  uninfluenced  by  season,  and  which  in- 
creases the  size  of  the  aggregate  mass  of  the  Bryozoon ;  the  other  by 
the  liberation  of  the  young,  usually  in  the  form  of  locomotive  ciliated 
larvasy  which  takes  place  at  certain  seasons^  generally  in  spring. 

In  the  Flustra  the  gemmss  are  dereloped  from  the  cells  of  the 
pre-formed  individuals ;  but  in  those  Bryoroa  which  have  connecting 
stems  the  buds  arise  from  the  stem.  They  are  at  first  homogeneoos ; 
then  a  distinction  may  be  observed  between  the  cell  (Jig.  71,  C»  a) 
and  the  visceral  contents  (b) ;  afterwards  the  tentacles  may  be  dis- 
cerned, which  are  at  first  short  and  stumpy ;  finally,  the  cavity,  walls, 
and  divisions  of  the  alimentary  canal  become  distinguishable. 

In  regard  to  the  generation  by  locomotive  larvs,  these  are,  doabt- 
less,  originally  developed  from  fertile  ova. 

Certain  phenomena  have  been  observed  in  the  Bryozoa  which 
justify  the  belief  that  the  individual  polypes  are  male  and  female. 
Dr.  Farre  has  figured  a  specimen  of  the  Valheria  cuscuta* ;  in  which 
he  observed  a  very  remarkable  agitation  of  particles  in  the  visceral 
cavity,  caused  by  a  multitude  of  minute  cercarioids  swimming  about 
with  the  greatest  activity  in  the  fiuid  with  which  that  cavity  is  filled : 
tiiey  consisted  simply  of  a  long  slender  filament  with  a  rounded  ex- 
tremity, by  which  they  occasionally  fixed  themselves.  Similar  moving 
filaments  were  not  unfirequently  observed  in  other  species.  On  one 
occasion  Dr.  Farre  observed  them  in  a  specimen  of  Halodactylus, 
drifting  rapidly  to  the  upper  part  of  the  visceral  cavity,  and  issuing 
from  the  centre  of  the  tentacula,  indicating  an  external  communica- 
tion with  the  cavity  of  the  body.  Dr.  Soulby,  of  Dover,  informs  me 
that  he  distinctly  saw  a  stream  of  spermatozoa  escaping,  like  smoke, 
from  the  terminal  orifice  of  each  tentaculum  of  a  Hahdctctylits,  The 
analogy  of  these  cercarioYds  with  the  spermatozoa  discovered  by 
Wagner  in  the  tortuous  generative  tubes  of  the  Actinia,  indicates 
their  real  nature  and  importance  in  the  generative  economy  of  the 
Bryozoa.  Van  Beneden  has  since  communicated  his  discovery  of 
male  and  female  polypes  on  the  same  polypary  of  the  Alcyonella; 
the  males  are  fewer  than  the  females,  and  are  recognizable  by 
the  conspicuous  spermatozoa,  formed  by  a  testis,  which  holds  a 
similar  position  in  the  male  polype  to  that  of  the  ovary  in  the  female, 
viz.  behind  the  stomach.! 

To  the  same  able  observer  we  are  indebted  for  illustrations  of  the 
development  of  the  impregnated  ova  in  another  genus  of  Bryozoon, 
viz.,  Pedicellina,     The  ova  are  pyriform,  and  are  aggregated  like 

♦  XXXV.  pi  xxiii.  fig.  5.  t  CXXXIV.  p.  222. 
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grapes  in  clusters  by  tlie  pelliicid  (cliorionk  ?)  membrane  m  wbich 
they  are  enclosed  {Jig,  73.,  1.);  the  yolk  is  a  "germ-yolk,"  and  lias  a 
73  vitelline  niemLrnne  separated 

by  a  whitish  fluid  from  the 
chorion.  The  lission  of  the 
germ-coll  is  followed  by 
tot«l  cleavage  of  the  yolk,  aa  \ 
in  2  ;  it  next  subdivides  into 
four,  as  in  3 ;  after  which  the 
formation  of  the  gerra-masst 
4,  proceeds  rapidly.  Its  sur- 
face becomes  smooth,  krge 
cilia  are  developed  from  one 
end,  which  becomes  marked 
off  by  a  constriction  from  the 
0:v<>i.,pm.ntoriM.  a,u.  Other,  OS   at  5.      The  larva 

escnpoa  from  tlie  cborion  unilcr  llic  form  6,  and  swims  freely  abroad. 
The  eilittted  mwrgin  expands,  rind  renders  that  end  of  the  larva 
funnel -eh aptid.  Tubercles  hud  forth  from  the  fuimel,  and  a  pedicle 
IB  developed  from  the  oppo.-rite  end,  as  at  7  ;  by  this  the  larva  attaches 
itsv\i\  and  in  the  course  of  tiie  subsequent  metiimorphosis  the  linea- 
ments of  the  parent  Bryo;60on  soon  begins  to  be  traceable,  as  at  8. 

The  development  and  vital  phenomena  of  the  reproductive  gem- 
mules  have  been  studied  by  Dr.  Farre  with  much  care  and  success  in 
tlie  sponge-like  Ilalodactylus  {Afct/omum  f/eiafinostwt,  of  Pallas), 
They  appear  iu  spring  as  minute  whitish  points  just  below  the  surface. 
If  one, of  these  points  be  carefully  turned  out  with  a  needle,  it  is 
"4  found  to  consist  of  a  transparent  sac,  containing 

generally  from  four  to  six  of  the  larvie.  These 
are  of  a  semi-oval  form,  with  the  margin  of  their 
plain  surface  developed  into  tubercles  support^ 
ing  groups  of  vibratile  cilia  (Jig*  74.).*  The 
body  presents  a  simple  granular  structure ;  the 
gemmwle  swims  about  actively  by  the  vibration 
of  it^  cilia,  the  motion  of  which  seems  to  be 
under  its  control.  They  generally  swim  with 
ibovfjihecuhmtwhcniiowiy  the  couvex  part  forwards  J  sometimes  they 
wAvtt.  Simply    rotate    upon    their  axis,  or   execute  a 

series  of  suunnersets;  or,  selecting  a  fixed  point*  they  whirl  round] 

•  The  inovemtjuta  of  the  cilia,  which  give  the  appearance  of  n  BucTcseio 
wftYCfi,  have  been  chady  nutdytcd  in  XXXV.  pp.  410, 411. 
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loose  particle  after  them;  or 


carrying   every 

they  creep  along  the  bottom  of  the  watch  glass  upon  one  end  with 
II  waddling  gait:  bat  at  the  expiration  of  forty*eiglit  hours  they 
attiich  themselves  to  the  surface  of  the  glass,  and  the  rudiments 
of  the  cell  may  be  observed. 

In  the  Fltisira  carbesia  the  ova  are  developed  between  the  cell  and 
the  body  of  the  polype,  which  yields  to,  and  13  destroyed  by,  theni  as 
ibey  are  developed.  They  produce  ovate,  yellow,  ciliated  iarvaj, 
which,  l)y  virtue  of  the  contractility  of  their  tissue  and  the  active 
vibration  of  their  cilia,  escape  with  their  small  end  foremost  from 
the  opening  of  the  cell.  They  then,  after  a  short  term  of  locomotive 
life,  settle  and  subside,  the  outline  of  the  cell  btiing  first  formed,  and 
the  polype  with  its  tentacuk,  muscles,  atid  alimentnry  canal  being 
afterwards  developed  in  a  distinct  small  closed  sac*  The  embryo 
acquires  its  ciliated  surface  and  power  of  contraction  before  it 
ruptures  the  chorion ;  it  afterwards  escapes  from  the  parent  cell. 
Tliese  ciliated  lan-je  are  called  "ova"  in  cvin.  and  other  writings 
of  the  same  Author*  Nordmann  found  in  a  Flustra  of  the  species 
called  Tendra  zcstericola^  that  spermatozoa  were  developed  in  the 
polypes  of  certain  cells  and  ova  in  those  of  others,  and  that  the 
male  cell  eammunicated  by  an  opening  with  a  contiguous  female 
cell :  this  latter  is  distinguislied  externally  by  the  treliis-work 
pattern  of  its  upper  surface,  that  in  the  male  being  smooth.  The 
formation  of  the  spermatozoa  is  ascribed  to  eight  vermiform  organs, 
which  are  wanting  in  the  femule  polypes;  but  are  attached  near 
the  base  of  the  tentacula  in  the  males. 

There  are  a  few  genera  of  fresh -water  polypes,  e,  g.  Alcyondla, 
Pimnatelia,  and  Cnstatclla,  which  have  the  ciliated  tentacula  in  the 
form  of  crescentic  or  horse-shoe  lobes.  The  generative  organ  is  a 
membranous  band  extending  from  the  bend  of  the  stomach  to  the 
bottom  of  the  alimentary  sac,  in  which  are  developed,  according 
to  t^le  sex,  either  ova  or  spermatozoa ;  the  latter  in  sperm-cells  which 
succeed  each  other  in  a  beaded  series.  The  ova  are  usuaUy  few  in 
number:  the  germinal  vesicle  disappears,  as  in  the  ova  of  the  Ascaris, 
before  the  chorion  is  formed.  This  membrane  is  coriaceous,  smooth, 
Md  brown-coloured  in  the  elliptic  compressed  eggs  of  Akuonella. 
The  Cristaielfa  has  been  observed  to  produce  ova  of  a  flattened 
discoid  form,  with  their  outer  surface  singularly  beset  with  long 
bifurcated  hooks  hke  the  miusorial  Xanthidin.  The  young  Crista^ 
ieUa  undergoes  its  metamorphosis  from  the  ciliated  gemmule-state  to 
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ovum,  from  whifh  it  escapes  by 
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splitting  It  into  two  parts.     Somettmea  a  second  poljpe  is  deyeloped 
by  gemmation  before  this  takes  place  ;  and  others  bud  out  before  the 
colony  becomes  fixed :  and  in  this  free  state  it  forms  the  Crisiatellai 
mucedo  of  Curier. 

In  thus  tracing  upwards  the  organisation  of  the  animals  which 
present  the  common  external  character  of  a  circle  of  radiated  oral 
tentacula,  we  have  met  with  modifications  of  anatomical  structure 
which  clearly  indicate  three  classes,  and  conduct  us  from  a  grade  of 
organisation  as  low  as  that  of  the  monad,  to  one  as  high  as  that  of 
the  wheel-animalcule.  We  have  already  seen  that  certain  forms  of 
the  Hotifera,  as  the  Stephanoceros,  combine  the  external  character-i 
i sties  of  the  Bryozoa^  e.  g,  the  cell  and  ciliated  tentactilo,  with 
equally  complicated  type  of  internal  organisation  ;  but  no  rotiferoua 
animal  developes  buds ;  the  Jlryozoa  still  retain  this  common  cba'^. 
racteriatic  of  the  whole  race  of  polypi. 

Tlie  Bryozoa  make  a  still  closer  approximation  to  the  compound ' 
Ascidians,  which  form  the  lowest  step  of  the  molluscous  series ;  but 
in  these  we  find  the  ciliated  tentacles  reduced  to  mere  rudiments  a^ 
the  entrance  of  the  alimentary  canal ;  whilst  the  pharynx,  or  first* 
division,  is  disproportionately  enlarged,  and,  being  highly  vasculai-, 
and  beset  with  vibralile  cilia,  performs  the  chief  part  of  the  respira- 
tory function.     No  compound  Ascidian,  moreover,  quits  the  ovum,- 
as  a  gemmmle  swimming  by  means  of  cilia  either  generally  diftused 
or  aggregated  on  special  lobes  after  the  type  of  the  rotifer ;  und  no ' 
Bryozoon  quits  the  ovum,  in  the  guise  of  a  cercarian,  to  swim  abroad 
by  the  alternate  inflectiona  of  a  caudal  appendage. 

The  metamorphoses  which  the  Bryozoa  undergo  are  essentially  of 
the  same  type  as  those  of  the  lower  Polypi :  the  embryo  developed 
from  the  ovum  13  an  oval,  discoid,  or  sobdepressed  body,  with  a 
general  or  partial  ciliated  surface,  by  which  it  enjoys  a  brief  locomo- 
tive life  after  its  liberation  from  the  parent:  the  exceptions  to  this 
rule  being  few,  and  confined  to  some  fresh- water  forms,  e.  g,  Alct/o^ 
nella^  which,  thereby,  depart  further  from  the  know^n  course  of^ 
development  in  the  Ascidiaj,  and  resemble  rather  the  fresh- w ate 
Hydrae,  if  M*  Laurent  be  correct  in  representing  the  young  of  th#^ 
H,  grisea  as  emerging,  under  the  mature  polype-form,  from  the 
ovnm.* 

The  Anthozoa  appear,  without  exception,  to  pass  from  the  state  of 
the  ovum  to  that  of  the  ciliated  locomotive  "gemmule"  as  the  larvft] 
has  been  termed  :  most  of  them  quit  the  parent  in  that  guise ;  but  in 
tlie  large  Actinim  they  appear  occasionally  to  undergo  their  trans- 

•  CXXXT,  pLii-  figs.  It,  12,  13. 
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fofrmation  into  the  polype-form  before  they  escape  from  the  mouth  of 
tlie  parent* 

In  the  marine  Hydrozoa  the  offspring  developed  in  the  ovicapsulea 
mre^  as  a  general  rule,  the  ciliated  larvie  called  "planuke:"  the 
PUnmularia  coronata  offering  an  exception  analogous  to  the  Alcyo- 
neOa  in  the  highest,  and  the  Hydra  in  the  lowest,  class  of  polypes  i 
whilst  other  JYttfltiffarup,  the  Carynid<Bj  and  certain  species  of  Cam- 
pammlaria  deviate  in  a  still  more  remarkable  manner  by  the  develop- 
ment and  liberation  of  the  locomotive  offspring  in  the  guise  of  a 
minute  Medusa, 

We  should  be  thus  led  from  the  Hydrozoa  to  the  Acalephce  if  we 
were  guided  solely  by  the  phenomena  of  development ;  but  more 
comprehensive  views  of  the  relations  of  the  polype-shaped  zoophytes 
have  conducted  to  higher  types  than  that  from  which  the  Acalephse 
seem  to  diverge,  and,  in  the  necessarily  consecutive  course  of  de- 
scription, we  now  find  ourselves,  as  at  the  conclusion  of  the  discourses 
ontheEntozoa  and  Infusoria,  compelled  to  retrace  our  steps  and  start 
afresh  from  a  lower  level  of  the  broad  basis  of  the  animal  pyramid. 

Summary  of  the  Classes,  Orders,  and  Families  of  the  Polypi  of 
Cayier. 

Class  HYDROZOA. 
Tentacles  hollow,  muricated  with  dart-cells  or  thread-cells.      StO' 
mack  without  intestine,  fixed  in  the   parenchyme  of  the  polype. 
Polyparyy  when  present,  flexible,  external. 

A.  Naked,  free,  and  solitary.     Genus  Hydra, 

B.  Naked,  or  sheathed  in  a  thin  membrane,  fixed  and  compound : 
,    tentacles  claviform.    Family   Corynid.^.    Genera,  Coryne,    Syju 

coryne,  Hydrizctinia,  Corymorphoy  Eleuthera,  (These,  like  the 
Hydra  tuba  of  Dalyell,  may  be  regarded  as  the  procreating  larvae 
of  Acalephse.) 

C.  Protected  by  homy  tubes,  from  the  ends  of  which  the  polypes 
emerge.  Family  Tubulariidje.  Grenera,  Tubulariay  Eudefidriuniy 
Pennaria, 

D.  Protected  by  cells,  developed  according  to  regular  patterns,  from 
a  rooted  and  ramified  horny  tubular  polypary.  Spermatozoa  and 
locomotive  progeny  developed  in  external  vesicles  (sperm  capsules 
or  ovicapsules),  larger  than  the  polype-cells.  Family  SertU" 
LARHDJE.     Genera,  Sertularia,  Plumularia^  Campanularia,  &c. 

•  CIX.  vol.  ii.  p.  209. 
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Class  ANTHOZOA. 
Tentacfeit  hollow,  witli  tbread-cells,  and,  in  most,  with  pectinated 

margins.     Stomach  suspended  by  radiating  mesogastrie  folds  in  an 

abdominal  cavity :   no  intestine.      Pofypart^,  when  present^  usually 

internal* 

A-  Free  and  solitary,  without  polypary,  a.  Tentacles  8tniple»  rarely 
branched  or  clavate,  more  than  twelve,  often  id  more  than  one  row. 
Family  Actisiib.e^  Genera,  Actinia^  Actinodendrony  EumenideM^ 
Edvardsia,  It.  Tentaclefi  clavate  and  aggregated  in  tui*t8  on  the 
comers  of  the  angular  disc.     Genus,  Luccrftaria, 

B,  Fixed,  compound,  without  polypary.  a*  Witli  many  simple  ten- 
tacles*  Family  Zoantiudm.  Genera,  Zoanihtis,  Mammilifem. 
&,  With  eight  pinnate  tentacles.  Family  Xeniidx,  Genera, 
AVfi  iVi,  Anthelia, 

C*  Fixed,  compound,  polypes  with  eight  pinnate  tentacles,  retractile 
in  cells  of  an  amorphous  fleshy  substance,  strengthened  by  de- 
tached calcareous  spiculjc-  Genera,  Alc^onium^  Lohiduria^  Alc^o^ 
nidium,  Atumothra^  Nephthfa^  St/m podium, 

D.  Free,  conviiouinl,  polypes  with  eight  pinnate  tentacles,  retractile 
in  eelb  of  a  fleshy  substance^  strengthened  by  calcareous  spiculae^ 
supported  by,  and  sometimes  arranged  more  or  less  symmetrically 
on  a  stem  with  a  horny  or  calcareous  axis.  Family  PensatvlidM,. 
€renera,  Pentiaiida,   Virguhtria,  Rendla^   Verrfillum^  Pavonaria* 

E.  Fixed,  compound,  polypes  with  eight  pinnate  tentacles,  retractile 
in  calcareous  tubes.  Family  Tvbiporidm,  Genera,  Tubipora, 
Caknipora. 

F.  Fixed,  compound,  (lolypes  retractile  in  calcareous  cells  on  the  sur- 
face of  a  calcareous  axis,  which  tlicy  cover  with  their  common  con- 
necting tissue-  a.  With  numerous  and  simple  tentacles.  Genefftf 
Fungio^  Agaricia,  Mttindrina,  Pavofiia^  Explanaria,  b.  With 
more  than  twelve  tentacles.  Genera,  TurbifiolUi^  Lohophj/Uia^ 
Carf/oplit/llia,  c.  With  not  more  than  twelve  pinnate  tentaolefit 
Genera,  Madrepora,  Ovulina,  Astrma,  iL  With  the  tentacles 
obsolete*     Genera,  Mdfrfjora. 

G.  Fixed,  compound  polypes,  with  eight  pinnate  tentacles,  retractile 
in  cells  of  a  fleshy  substance,  strengthened  by  calcareous  spicuhp, 
and  supported  on  a  branched,  calcareous,  firm  or  flexible  axis. 
Genera,  Gorgon ia^  CoraUium^  Isis,  Melitaa, 


Class  BRYOZOA, 
Teti hides  hollow,  with  ciliated  margins.     AHmeniarf/  Canal  with 
stomach)   intestine,  and  anus,     Potypury,  when    present,  external, 
horny  or  eiilcureous. 
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Family  Vesicular iidje  ;  genera,  Vesicularia,  Serialaria,  ValAeria, 
Bowerbankia.  Family  Cbisiidje;  genera,  Crisiay  Notamia,  An^ 
guinaria.  Family  Tubuliporidje  ;  genera,  TubuliporOj  Disco* 
pora.  Family  Celuporidje  ;  genera,  Cellepora,  LepraliOy  Mem* 
branipora.  Family  Escharidje  ;  genera,  Flustra,  Tendra^ 
Celltdariay  Retepora^  Eschara.  Family  Alcyosididje  ;  genera, 
Alcyonidiuniy  Halodactylus,  Family  Alcyonellidje  ;  genera, 
AlcyoneUoy  Cristatella,  Humatella. 


LECTURE  IX. 

ACALEPHiE. 


In  the  preceding  lecture  we  saw  that,  whilst  the  new  individuals  pro- 
pagated by  gemmation  were,  for  the  most  part,  like  the  parent,  those 
that  came  from  the  ova  were  in  very  few  instances  like  the  parent, 
but  underwent  a  considerable  metamorphosis.  They  quitted  the  egg- 
state  either  as  a  ciliated  planula  under  the  guise  of  a  leucophrys,  or 
were  partially  ciliated  on  special  lobes,  like  a  rotifer  ;  or,  what  was 
more  extraordinary,  they  came  forth  under  the  form  of  an  animal 
which  is  usually  ranked  as  a  member  of  a  higher  class  of  Radiata, 
viz.,  a  free-swimming,  bell-shaped,  or  discoid  medusa.  The  larger 
marine  animals,  so  called,  are  commonly  regarded  as  tlie  typical 
forms  of  the  class  Acaleph<B. 

This  class,  the  anatomy  of  which  we  have  now  to  consider,  compre- 
hends creatures  which  are  amongst  the  most  singular  of  the  whole 
animal  kingdom  ;  and  each  additional  contribution  to  our  knowledge 
of  their  economy  adds  to  the  interest,  and  indeed  astonishment,  with 
which  the  physiologist  reflects  upon  it. 

The  AcalephcB  are  remarkable  on  account  of  the  peculiar  nature  of 
their  tissues,  which  arc  often  as  transparent  as  the  purest  crystal,  and 
seem  more  like  the  vitreous  humour  than  any  other  in  the  higher 
classes :  they  are  not  less  interesting  for  the  elegance  of  their  forms, 
the  beauty  of  their  colours,  and  for  the  peculiar  property  which  many 
of  them  possess  of  stinging  and  inflaming  the  hand  that  touches  them^ 
whence  the  name  of  "  Acaleph® "  applied  to  them  by  the  ancient 
Greek  naturalists,  and  "sea-nettles"  by  our  own  fishermen  and 
sailora.  These  qualities,  being  presented  by  animals  which  arQ 
almost  the  sole  visible  representatives  of  living  nature  in  the  wild 
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wastes  of  waters  most  remote  from  land,  have  always  attacted  the 
attention  of  the  navigator,  who  sometimes  finds  the  surface  of  the 

sea  studded  with  these  gelatinous  gems,  glistening  by  day  with  all 
the  brilliant  hues  of  the  rainbow,  and  betraying  their  course  during 
the  nigbt*season  by  the  lambent  phos  pit  orescent  light  which  they 
diflTuse.*  The  Acahphie  are  reprcjsented  on  our  own  coast  by  nume* 
rous  discoid  and  spheioid  species,  varying  in  si«e  from  an  almost 
invisible  speck  to  a  yard  in  diameter,  and  which,  besides  the  ver- 
nacular name  above  cited,  are  known  as  *' sea-blubber,"  "jelly-fish," 
or  by  the  Linnaean  generic  term  **  medusa." 

The  form  of  many  of  the  species  is  most  typical  of  the  great  group 
'*Eadiata**  as  characterised  in  the  **  Regne  Animal,"  and  they  were 
called  by  Lamarck  f ,  on  account  of  tlieir  tissue,  **  liadiaires  Mollassea,** 
or  soft  Kadiai'ies,  in  contradistinction  to  the  hard-skinned  **  Kadiaires 
Echinodermes."  Cuvicr  retained  for  them  their  ancient  name  of  Aca^ 
lcph<By  and  he  characterises  the  class  as  free -swimming  gelntinoas 
animals,  having  a  vascular  system  superadded  to  the  digestive  one^ 
although  he  admits  that  the  former  may  be  only  a  continuation  of  the 
intestinal  tubes  ramified  through  the  parenchyma  of  the  body.  %  He 
acknowledges,  olso^  that  the  vascular  system  has  not  been  demon* 
strated  in  every  species  of  the  class ;  and  that  those  species  in  which 
it  cannot  be  shown  to  exist,  C4in  hardly  be  distinguished  from  the 
Polypi. 

The  division  of  this  class  has  been  founded  on  their  mode  of  loco- 
motion. There  are  some  singular  forma  which  float  by  me^ins  of 
air-bladders,  and  in  which  the  place  of  a  stomach  is  supplied  by 
many  hollow  tentacles  :  the  Acalephes  of  this  order  are  called  "  Phy- 
sogrades,**  and  have  sometimes  been  denominated  Sipkonophora*  In 
a  second  group  locomotion  is  effected  by  longitudinal  series  of  j 
cilifu  whence  the  name  "  Ciliogrades ; "  these  have  a  single  central 
mouth  and  a  digestive  cavity  ;  they  have  also  been  called  Ctenophara* 
The  third  order  have  also  a  central,  but  sometimes  ramified,  nutritivo 
sac ;  and  they  swim  by  means  of  the  rhythmical  contractions  of  ft 
musculo-raembranous  disc,  whence  they  ha%"e  been  called  '*  Pulmo- 
grades  "  and  *'  DhcophoraJ*'  The  species  of  the  last  order  are  those 
that  are  most  constantly  met  with  in  the  seas  washing  our  own  coasts. 
But  some  of  the  tropical  forms  of  the  other  orders  are  occasionally 
stranded  on  the  south- western  shores  of  England.  I  have  picked  up  on 
those  of  Cornwall  the  little  Vefelluy  which  had  been  wafted  thither,  un- 
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ftble  to  strike  its  cliancteriftic  kn€eii-<BuI;  and  tb«re  also  I  hare  i 
wrecked  a  fleet  of  the  '^Portagoese  men-of-var  '*  •  Pky$aiiaK  vhich 
had  been  bnojed  up  by  their  air-bSadders  to  that  ircfii-boiiiid  ooast. 

Extremelj  dii-ersfied  are  both  the  forms  and  powers  of  the  free- 
swimming  radiated  animih  which  hare  been  grooped  together  bj  the 
diaracter  of  their  gelatinous  tissoe  and  their  independent  moTements. 
And,  in  testing  the  title  of  this  gioop  to  be  regarded  a  natnral  one, 
the  zoologist  has  first  to  remark,  that  the  animals  so  associated  aie 
characterised  as  thej  manifest  themselves  at  cme  stage  onl j  of  their 
existence ;  and  has  next  to  consider  the  question,  what  is  the  rdation 
of  this  stage  to  the  true  or  typical  form  of  the  species  ? 

Zoological  ideas  of  the  tjpical  form  of  a  species  appear  to  have  beoi 
governed  bj  different  roles :  as,  e.g.,  according  to  the  length  of  time 
daring  which  a  species  maj  exist  ander  a  given  form ;  or,  according 
to  the  form  most  commonly  presented  to  observation,  and  with  which 
we  are  acoordinglj  best  acquainted;  or,  according  to  the  superior 
number  of  the  individuals  of  a  species  which  present  a  given  form, 
especiallj  where  such  individuals  are  produced  bj  gemmation,  at 
otherwise  parthenogeneticallj  ;  or,  lastlj,  according  to  the  form 
finally  assumed  by  the  individuals  developing  the  ova  or  spermatozoa. 
The  three  former  circumstances  have  plainly  influenced  the  best 
modem  naturalists  in  the  classification  of  such  genera  as  CampamH- 
laria  and  Coryney  which  have  been  placed  amongst  the  Hydrozoay 
with  the  distinctive  character  of  "  Progeny  medusiform." 

What  may  be  the  fate  of  this  progeny,  which  swarm  at  certain 
periods,  is  not  yet  quite  determined;  M.  Van  Benedens  notion  of 
their  metamorphosis  into  the  base  of  a  compound  parent,  although 
seemingly  natural,  is  hypothetical.  Sars  and  Steenstrup's  observa- 
tions of  what  they  believed  to  be  generative  organs*  or  ovaria,  de« 
veloped  in  the  medusiform  offspring  of  Corynty  more  probably  point 
to  the  right  direction  of  the  function  and  signification  of  such 
offspring.  The  fact  that  such  medusiform  progeny  do  engender  ova 
seems  to  repose  on  good  evidence,  and  is  important,  so  far  as  it  goes« 
and  the  processes  by  which  the  genetic  cycle  is  completed  will  be 
indicated  with  much  probability  by  the  phenomena  of  that  cyde 
which  may  be  determined  in  the  larger  medusiform  radiaries. 

If  these  generate  ova  and  spermatozoa,  what  then,  it  may  be  next 
asked,  do  their  impregnated  ova  produce  ?  K  planulas  and  polypes, 
then  there  will  be  strong  ground  for  concluding  the  same  with  respect 
to  the  ova  of  the  medusiform  progeny  of  Campanularia  and  Coryne. 
That  these  compound,  rooted,  hydriform  polypes  do  produce  free- 

♦  XCm.  p.  29. 


160 


LECTURE   IX. 


moving  medusiforni  individtiala,  is  most  clearly  determined ;  and  the 
phenomena  are  most  important  and  suggestive-  No  one  who  wit- 
oefiaes  these  changes  in  the  form  of  different  individtials,  represcndng^ 
one  and  the  same  species,  but  must  feel  that,  by  prosecuting  these  re- 1 
searches,  we  shall  arrive  nearer  and  nearer  to  the  possibility  of  solving 
those  questions,  the  difBculty  of  which  has  been  eluded  by  the  gra- 
tuitous hypothesis  of  t!ie  transmutation  of  species,  and  which  may  lie 
at  the  bottom  of  the  mystery  of  the  progressive  introduction  of  new 
apecific  forms  of  animal  life  upon  this  planet, 

**  The  natural  system  of  cUfisification,"  says  Cuvier,  *'must  be 
based  upon  a  consideration  of  the  totality  of  the  organisation,  and  a 
comparison  of  such  in  different  beings,  directed  by  the  principle  of^ 
the  subordination  of  characters.''  Granted.  But  suppose  that 
organisation  to  materially  change  at  different  periods  of  the  life  of 
the  individual  of  one  and  the  same  species,  and  these  periodical 
characteristics  to  be  propagable  by  parthenogenesis ;  which  of  theae 
periods,  it  may  be  asked,  is  to  be  deemed  to  manifest  the  tjrpical 
form,  or  that  in  which  the  whole  organisation  is  to  be  studied  and 
compared  ? 

The  philosophic  botanist  sees  in  the  tree  the  same  condition  of 
an  aggregate  of  essentially  distinct  individuals  as  the  philosophic 
xoologist  sees  in  the  compound  polype  or  the  compound  monad.  No 
anatomist  could  look  upon  the  polype  of  the  Bryozoon,  with  its  rich 
organisation  and  independent  generative  system,  as  a  mere  part  or 
organ  of  a  compound  individual  whole.  No  microscopical  anatomist 
now  regards  the  Vol  vox  as  any  other  than  a  spherical  group  of  dis* 
tinct  and  essentially  independent  monads.  The  polypes  of  the 
Anthozoa  and  of  the  Hydrozoa  manifvat  the  two  lower  grades  of  or- 
ganisation in  their  snb-province;  but  are  as  essentially  distinct 
individuals,  as  the  polype  of  the  Lagenella.  The  gemmiparous 
leaf  of  the  Bryophyllum  is  the  vegetable  equivalent  of  tlie  animal 
poIype>  and  is  ef|ually  a  distinct  individual  plant ;  and,  according 
to  the  present  botanical  pliilosophy,  it  is  a  more  typical  individual 
than  the  leaf  which  has  been  metamorphosed  into  the  stamen,  the 
pistil,  or  any  Ckther  element  of  the  flower. 

By  this  analo^ry  and  course  of  reasoning,  therefore,  the  naturalist 
would  seem  to  adhere  closest  to  Nature,  and  to  interpret  her  best  who 
should  classify  his  subjects  according  to  the  typical  character  pre- 
sented by  the  individual,  whatever  might  be  the  phase  of  its  develop- 
ment in  reference  to  the  genetic  cycle ;  and  the  zoophytologists  are 
justified  on  this  principle  who  include  the  Campanuiaria  and  the 
Cor^ne  amongst  the  Ilydrozoa,  notwithstanding  their  medusiform 
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progeny.  But,  to  be  consistent,  the  rule  should  be  extended  to  other 
mednsiform  progeny  of  hjdriform  polypes,  and  so  to  many  of  the 
larger  acalephae. 

Such  a  modification,  amounting  virtually  to  a  suppression,  of  the 
class  Acaleph4Bj  however  consistent  with  the  reasoning  based  upon 
the  principles  which  have  been  just  laid  down,  would  be  opposed  to 
the  practice  of  naturalists  in  almost  every  instance,  except  the  Cam- 
panularia  and  CorynCy  and  a  few  analogous  cases  of  compound 
polypes  with  medusiform  oviparous  individuals. 

The  cockchafer  lives  laboriously  three  dark  years  under  ground, 
eroding  the  roots  of  plants,  before  it  emerges  into  light,  and  disports 
a  few  merry  weeks  in  the  bright  summer  sunshine,  in  its  winged 
state.  Tiie  vermiform  larva,  in  giving  birth  to  the  winged  insect, 
has  exhausted  most  of  its  substance,  and  all  its  vital  energies  as  such, 
and  leaves  nothing  but  its  empty  skin  behind. 

The  ephemeron,  after  a  year's  obscure  existence  as  a  water-worm, 
creeps  out  of  the  vermiform  case,  and  uses  its  newly-acquired  aerial 
locomotive  organs,  and  its  procreative  powers,  for  a  brief  day  or 
hour. 

We  do  not,  however,  class  the  cockchaffer  and  the  may-fly  with 
the  Vermes,  as  we  ought  to  do  according  to  the  analogy  of  the  Cam- 
panularia  and  Coryne.  So  vast  a  proportion  of  the  parent  worm  has 
supplied  the  material  to  the  plastic  force,  which  has  operated  in  the 
re-arrangement  of  parts  for  tlie  completion  of  the  winged  insect,  that 
we  say  the  worm  has  been  converted  into  the  insect. 

The  larval  aphides,  however,  unequivocally  propagate,  and  so 
frequently,  as  quite  to  parallel  the  condition  of  the  procreant  larvas 
of  the  medusa-producing  polypes  ;  and  the  analogy  is  both  true  and 
close  of  the  winged  male  and  oviparous  female  aphides  to  the  loco- 
motive male  and  female  medusas  and  to  the  male  and  female  modified 
leaf- individuals  of  plants.  Yet,  notwithstanding  these  analogies, 
another  rule  guides  the  zoologist  in  the  mnjority  of  such  cases,  which 
is  this  :  to  regard  as  the  typical  phase  of  the  species  that  most  perfect 
form  which  parallels  the  winged  state  of  the  insect,  the  medusa  state 
of  the  polype,  and  the  seed-producing  and  pollen-bearing  flower-parts 
of  the  plant.  And  the  zoologist  accordingly  classes  the  batrachian 
and  the  butterfly,  the  chaffer  and  the  ephemeron,  the  beroe  and  the 
medusa,  according  to  the  structure  of  the  last  phase  of  their  de- 
velopment. 

Few  naturalists  will  be  found  to  object  to  this :  but,  to  be  consistent, 
they  ought  not  to  place  in  separate  classes  the  Campanularia  and  the 
Cyancea, 

The  bell-shaped  medusoid  which  Dalyell  saw  struggling  to  escape 
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from  the  ovicrtpsule  of  the  Campanularia  is  the  equivalent,  or  homo^ 
logue.  of  the  ciliated  planula  which,  in  like  manner,  escapes  from  the 
OYicapsule  of  the  Seriularia ;  and  the  difficnhy  or  ineonsistency 
cunnot  be  eluded  by  affirming  the  bell-shaped  medusoid  to  be  a 
"  loconiotive  ovarinm,"  a  mere  organ  of  the  compound  polype  that 
produced  it. 

In  the  pulmograde  AcalephjB  the'  body  is  chiefly  composed  of  the 
''disc/'  which  is  circular,  almost  flat  in  some,  e.g,  .^Sguarea^  but 
rising  in  othcrfl  by  degrees  to  a  hemispheric  form,  and  becoming 
nearly  cylindrical,  as,  e,g.  in  Turris,  It  is  usually  smooth,  rareljf^ 
pilose.  Around  its  margin  there  is,  in  many  species,  a  projecting 
ledge  of  membrane  called  the  **  velum,"  and  the  margin  itself  is  usually 
provided  with  more  or  less  numerous  tentacles,  and  with  the  "cys- 
liclcs  "and  pigment  specks.  From  the  centre  of  the  under  surfs 
of  t!ie  disc  tliere  depends  a  simple  or  complex,  long  or  short,  pn 
called  the  '* proboscis,**  including  more  or  less  of  the  digestive  cavity. 

The  most  characteristic  features  recognisable  by  the  naked  eye,  in 
the  organisation  of  the  AcalephiP,  may  be  exemplified  by  the  anatomy 
of  the  largtT  Medusa?  of  our  own  seas. 

The  first  thing  which  astonishes  us  in  commencing  the  dissection 
of  theso  creatures  is  the  apparent  homogeneity  of  their  fraii  gela- 
tinous tissue ;  secondly,  the  very  large  proportion  of  the  bo#ly  which 
seems  to  consist  of  se»*i  water ;  for  let  this  fluid  part  of  a  large 
Medusa,  which  may  weigh  two  pounds  when  recently  removed  from 
the  sea,  drain  from  the  solid  parts  of  the  body,  and  tlieso,  when 
dried,  will  be  represented  by  a  thin  film  of  membrane,  not  ex- 
ceeding thirty  grains  in  weight.  The  anatomist  is  baffled  by  the 
very  simplicity,  as  it  seems,  of  his  subject,  instead  of,  as  in  other 
cases,  by  the  inability  to  pursue  and  unravel  all  the  obvious  in- 
tricate combinations  of  the  created  mechanism.  Peron  and  Lesueur, 
two  experiencetl  French  naturalists,  wbo»  during  the  circuranavi- 
gatory  voyage  to  which  they  were  attached,  paid  great  attention 
to  the  floating  Acalephte,  have  thus  summed  up  the  results  of 
their  experience  in  regard  to  their  organisation,  *'  The  substance 
of  a  Medusa  is  wholly  resolved,  by  a  kind  of  instantaneous  fusion^ 
into  a  fluid  analogous  to  sea  water;  and  yet  the  moist  important 
functions  of  life  are  effected  in  bodies  that  seem  to  be  nothing  more 
than,  as  it  were,  coagulated  water.  The  mtilti  plication  of  these 
animals  is  prodigious  ;  and  we  know  nothing  certain  respecting  theiy 
mode  of  generation.  They  may  acquire  dimcusions  of  many  feet 
diameter,  and  weigh  occasionally  from  fifty  to  sixty  pounds;  and 
their  system  of  nutrition  escapes  us.  They  execute  the  most  rapid 
and  continued  motions  ;  and  the  details  of  their  muscuhir  system  are 
unknown.     Their  secretions  seem  to  be  extremely  abundant ;  but  w< 
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perceiTe  nothing  satisfactory  as  to  their  origin.  Thej  have  a  kind  of 
Tery  active  respiration;  its  real  seat  is  a  mystery.  They  seem 
extremely  feeble,  but  fishes  of  large  size  are  daily  their  prey.  One 
would  imagine  their  stomachs  incapable  of  any  kind  of  action  on 
these  latter  animals  :  in  a  few  moments  they  are  digested.  Many  of 
them  contain  internally  considerable  quantities  of  air ;  but  whether 
they  imbibe  it  from  the  atmosphere,  extract  it  from  the  ocean,  or 
secrete  it  from  within  their  bodies,  we  are  equally  ignorant.  A  great 
nnmber  of  these  Medusas  are  phosphorescent,  and  glare  amidst  the 
gloom  of  night  like  globes  of  fire ;  yet  the  nature,  the  principle,  and 
the  agents  of  this  wonderful  property  remain  to  be  discovered.  Some 
sting  and  infiamc  the  hand  that  touches  them  ;  but  the  cause  of  this 
power  is  equally  unknown."  • 

In  this  series  of  lively  paradoxes  the  more  obvious  characters  of 
the  Acalephse  are  strikingly  exemplified;  but  I  have  quoted  them 
rather  to  contrast  with  the  actual  knowledge  which  has  since  been 
gained  on  these  points,  and  as  showing  how  little  the  best  and  most 
abundant  opportunities  of  observing  the  Acalephae  will  avail,  if  the 
higher  powers  of  the  microscope  be  not  brought  in  aid  of  the  inves- 
tigation. Before,  however,  entering  upon  these  results  of  later  re- 
searches, let  us  see  what  Hunter  was  able,  by  the  ordinary  anatomical 
procedures,  to  demonstrate  and  leave  for  our  instruction.  In  these 
specimens  I,  which  belong  to  the  genus  lihizostoma,  he  has  inserted 
his  skilful  injecting  apparatus  into  the  central  cavity  of  the  body 

(Jig,  75,  a),  plunged,  so  to  speak, 
"  in  medias  res,"  and  made  con- 
spicuous by  his  coloured  injec- 
tion, both  the  extraordinary  route 
by  which  the  nutriment  reaches 
that  cavity,  and  also  the  channels 
by  which  it  is  distributed  for  the 
support  of  the  general  system. 
The  prolongation  of  the  common 
cavity  a  into  the  base  of  the 
proboscis  (b)  there  divides  into 
four  canals  (c),  which  enter  the 
base  of  the  four  branches  (/?,  p), 
into  which  the  proboscis  divides. 
These  branches  again  divide  and 
subdivide  along  their  plicated  bor. 
dors  ;  the  nutrient  canals  follow 
these  ramifications,  and  terminate  in  numerous  fringed  pores  (cf,  {/), 

*  CXXXVII.  p.  219.  t  No8.  847.  982,  983. 
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Upon  tlii!  ullbnate  ramiHccitions  at  the  margins  aod  clavate  ends  of 
the  proboscis.  These  pores  are,  in  truth,  the  commeacement  of  the 
nutritive  system;  tbt-y  are,  io  this  respect,  analogous  to  the  uuiuerous 
polype -raoulhs  of  the  compound  coral  zoophyte*  ;  but  in  the  Kbizo- 
6tome  a  common  central  sac  is  interposed  between  the  ingestiTe 
conduits  and  the  vascular  or  ehyhiqueaud  system  of  the  body.  ^Minute 
aninmlcule^  or  the  juices  of  a  decomposing  and  dissolving  larger 
animal,  are  absorbed  by  these  pores,  and  are  conveyed,  more  or  leis 
digested  **in  transitu,"  by  the  successively  uniting  caiiaU  to  the 
central  cavity.  Digestion  being  completed,  the  chyle  posses  at  once 
into  the  vascular  system,  which  is  in  fact  a  continuation  and  rami- 
Acation  of  the  digestive  cavity.  The  nutrient  fluid,  with  sea-water^ 
passes  bj  vessels  (<?),  which  radiate  from  that  cavity,  to  a  beautiful 
net^work  {f^f)  of  large  capillaries,  which  is  spread  upon  the  under 
surface  of  the  margin  of  tfic  disc.  The  elegance  and  precision  with 
which  the  injections  of  Ilunttfr  have  demonstrated  this  network  in 
bis  preparations  cannot  be  surpassed  ;  but  it  is  to  Cuvier  that  we  owe 
the  first  description  of  the  very  remarkable  and  intexcsting  system  of 
niitrition  in  the  Rhizostomcf 

I'he  rich  development  and  reticular  disposition  of  this  part  of  the 
vascular  system,  in  which  the  circulating  fluids  are  exposed  to  the 
surrounding  medium  in  a  state  of  minute  subdi vision,  upon  that 
inrface  of  the  body  whicli  rests  upon  the  water,  indicate  that  the 
ree^piratory  intcrcliange  of  the  gases,  and  the  absorption  of  the  oxygen 
from  the  air  contained  iu  the  s»m  water,  take  place  principally  at  this 
vascular  surface  of  the  gelaiiuous  disc  ;  and  that  Hunter  is  correct  in 
placing  it  amongst  the  series  of  respiratory  organic.  It  stands,  indeedi 
at  the  lowest  ste)>  of  that  series,  since  the  organ  i:^  not  specially 
eliminated;  but  only  indicated  or  sketched  out,  as  it  were,  by  a  modi- 
iicaiion  of  part  of  the  common  integuments. 

The  €t/ani£a   anrita,  another   species  of  our  coasts,  exemplifies 

•  LXXXIV.  (1S43.)  p.  104.  Mr.  Huxley,  who  tl escribes  the  oml  poroi  to 
MhixoKioma  as  opening  ctliHqucly  in  a  chatiuel  fonticd  hy  two  irritaMo  mav^nol 
metnbrani^  states  tlmt  in  (-eplura  the  incnilinine«  unite  in  front  of  and  beUnd 
wu'li  ]Mjre  "*>  JUS  to  form  a  diftinct  polypc-likc  cell.'*  The  outer  mcmbrono  and 
tlitf  rtehlj'^ilLiiteil  lining  mcmbrani*  of  the  digtBiive  canah  unite  at  the  free  edge  of 
the  folcl^  nfirl  Are  there  prucluted  into  tt-ntnclcst.  Believing  the  buslnea  of  digM»* 
tlon  to  be  pertWtnecl  in  the  luinute  ililiitji<tions  of  the  beginning  of  the  canak  coU 
kct^d  upon  the  eilges  and  extrciuirics  of  the  nimuseulcs  of  ibc  proboscis,  he 
carri«;s^  out  tlte  analogy  iuggpsted  in  the  text,  aod  oImct^  e$  **  that  the  Ithlsofftomida!^ 
^uoadilwlr  digestive  system,  hnvc  tho  Mine  rdaticm  to  the  monostomc  Medufoe,  as 
the  Sertulnriun  PoIy|X'«  have  to  the  Hydra?,  or  the  coralline  roIyi>cs  to  the  Actiaiai." 
FhiL  Trans,  J  849.,  ]h  41 4. 

t  CXXXVUL  p.  436. 
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another  (monostome)  type  of  the  digestive  system.  The  homologue 
of  the  central  cavity  in  Bhizostonuty  and  which  in  Cyancea  must  be 
the  digestive  sac,  consists  of  four  cavities,  from  which  as  many  short 
oesophageal  tubes  are  continued  to  their  commencement,  upon  the 
under  surface  of  the  body,  by  a  single  quadrangular  mouth  {fg.  76,  a) 
c         J      ~  ^'^^  *^®  angles  prolonged 

.6  i/ ,,,,.,i^|||g^.^  into  f^ur  tentacles  which 

consist  of  a  solid  hyaline 
nxis,  with  two  fimbriated 
membranes  along  their 
under  surface.  Sixteen 
canals  radiate  from  the 
central  cavities,  eight  of 
which  (i,  b)  form,  by  their 
ramifications,  the  systems 
of  nutrient  and  respiratory 
capillaries  and  terminate  in 
a  circular  canal  near  the 
margin  of  the  disc  ;  whilst 
the  alternate  eight  termi- 
nate without  dividing,  each 
Cyanaea.  by  a  miuute  excretory  ori- 

fice (c)  at  the  margin  of  the  disc. 

We  must  suppose  the  mouths  of  these  excretory  vessels  to  be 
endowed  with  an  irritability  of  a  different  kind  from  that  of  the 
nntrient  canals,  like  the  mouths  of  the  different  cavities  of  a  ruminat- 
ing stomach.  For,  as  the  orifices  of  the  third  and  fourth  stomachs 
contract  upon  the  coarse  unmasticated  food,  whilst  those  of  the  first 
and  second  open  to  receive  it,  and  close  when  it  is  presented  to  them 
in  its  reraasticated  state,  so  the  nutrient  diverticula  of  the  stomach  of 
the  Cyanaea  receive  the  digested  and  exclude  the  excrementitious 
part  of  the  food,  which  passes  along  the  efferent  canals  and  is  thus 
rejected  from  the  system. 

The  discovery  of  this  condition  of  the  nutrient  apparatus  in  the 
CyancRa  aurita  is  due  to  the  ingenuity  and  perseverance  of  Prof. 
Ehrenberg,  who  induced  the  living  animals  to  swallow  indigo  with 
their  food.  lie  has  represented  the  canals  so  injected,  in  the  ela- 
lK)rate  plates  of  his  memoir  on  the  anatomy  of  this  species.*  Prof. 
Wagner  f  saw  the  currents  of  the  nutrient  fluid  in  the  vascular 
system  of  the  Oceania :  they  were  produced,  not  by  peristaltic  con- 
traction of  the  canals,  but  by  the  vibration  of  the  cilia  lining  them. 
In  the  "  bare-eyed  "  Medusa  digestion  is  chiefly  if  not  exclusively 
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performed  ia  the  cavity  of  the  proboscis.  At  the  fundus  of  tbU 
cavity  Will  saw  in  Geryonia  pdlucida  four  small  obtuse  prominences^ 
each  of  wliich  presented  a  simill  aperture  leading  to  the  system  of 
the  ciliated  chylaqueous  canals.  In  Thaumantias  leucostylus  be 
found  a  distinct  ciliated  cavity  separated  from  the  stomach  at  its  base 
and  from  which  the  chylaqueous  vessels  sprang.  Prof.  £•  Forbes  also 
found  either  a  well-defined  cavity  at  the  base  of  the  stomach  or 
ftn  indication  of  such  a  cavity,  from  which  the  chylaqueotis  vessels 
were  continued.*  This  cavity  and  system  of  vessels  is  homologous 
with  that  to  which  I  have  given  the  name  "chylaqueous'^  in  the 
Atithozoic  and  Sertularian  polypes. 

A  progressive  simplification  of  the  appendages  of  the  mouth  may 
be  traced  from  the  Cyanicn  downwards  in  the  small  bare-eyed,  and 
probably  larval  forms  of  Medusie:  in  Gert/onia  and  Oceania  the 
lips  are  produced  into  fimbriated  lobes ;  in  Circe  and  many  species  of 
Thnumatitias  into  simple  lobes  ;  in  Sarsia  the  lip  is  a  thickened  ring 
round  the  ontlce  of  the  tubular  digestive  cavity.f 

In  all  Piilmogrades  the  inner  or  lining  membrane  of  the  digestive 
and  nutritive  cavities  and  canals  i^  soft  and  cellular,  and  lined  by  a 
ciliated  epithelium ;  it  is  applied  either  to  the  gelatinous  basis  of  the 
disc,  or  directly  to  the  integument,  or  to  the  walls  of  the  generative 
cavities  {e  e,Jig,  76.),  The  gelatinous  basis  of  the  disc  in  RhizoHofna 
consists  of  "an  apparently  homogeneous  substance  containing  a  mul- 
titude of  dulicate  fibres  interlacing  in  every  direction,  in  the  meshes  of 
which  lie  scattered  nucleifonn  bodies :"  J  its  upper  surface  is  covered 
by  a  tessellated  epitlielium  of  })olygonal  nucleated  cells ;  on  the  lower 
surface  the  epitlieliuui  "  is  replaced  by  u  layer  of  parallel  muscular 
fibres/*§  Tlie  integument  contains  many  cells  analogous  to  the 
thread-cells  in  the  Hydrozoa  and  Anthozoa,  and  to  which  Prof. 
Wagner  has  ascribed  the  function  of  urticating,  calling  them  "  netlle- 
celU'*  (nessel-organe)*  ||  These  cells  arc  usually  of  an  oval  form  and 
contain  a  long  filament,  which  when  retracted  is  spirally  disposed^ 
but  darts  out,  often  to  considerable  length,  when  the  skin  is  touched. 
They  are  very  numerous  in  the  strongly  urlicating  Pehf/ia  Jiactiluca  : 
in  the  feebly  urticating  Oceania  they  are  principally  located  in  the 
marginal  tentacles  ;  and  Ehrenbergt  who  detected  them  in  the 
stinging  tentacles  of  the  C^atusa  capillata  %  could  not  find  them  in 
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♦  CXL VIL  p.  4.  t  CXL VIL  p.  8  %  CXLV.  p.  4 1 5. 

I  CXLV,  p.  416.  II   CXI.UL  y».  38. 

^  Prof.  E.  Fot-1)«8  states  that  only  a  small  mmority  of  the  metlusa;  of  oar  has  \ 
arc  etiDgcrH,  mid  amongst  these*  the  O^mra  capHtata  Is  a  fomiidsblcs  Qac,aad  ^  tile 
terror  of  tciider-^kiiincd  bathers.    With  his  brond  tuwny,  fbttoOQcd,  iind  ftcaUoped 
dific,  often  a  fall  foot  or  more  acro&a,  it  flaps  ltd  way  tlux>agh  the  yielding  1 
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the  disc  of  that  species.  Will  *  could  discover  them  only  in  the 
genentiTe  tentacles  of  the  Cephea^  and  in  the  marginal  tentacles  of 
the  JPoiyxenia.  When  in  action  the  capsule  of  the  thread-cell  is  first 
protruded  from  the  skin  and  the  filament  afterwards. 

Some  superaddition  to  the  thread-cell  would  seem,  however,  to  be 
essential  to  the  urticating  faculty,  since  those  cells  are  present  in 
species  and  parts  that  do  not  sting. 

Anotiher  kind  of  cell,  analogous  to  the  "dart-cells**  of  the  Hydra, 
13  also  present  in  the  Acalephae,  and  consists  of  an  oval  capsule  from 
which  a  stiff  bristle-like  spine  protrudes :  these  do  not  urticate : 
they  lie  in  groups  in  the  skin  of  the  disc  of  the  non-urticating 
species,  and  are  very  abundant  in  the  marginal,  oral,  and  generative 
tentacles  of  such  species. 

The  oral  tentacles,  those,  viz.  which  are  continued  from  the  fringed 
margins  of  the  oral  pores  in  Rhizostoma  and  Cephea^  are  productions 
of  the  outer  membrane  or  integument,  and  are  solid,  as  are  also  the 
marginal  tentacles  in  the  same  genera.  The  short  tentacles  produced 
from  the  membrane  depending  from  the  mouth  in  Mesonema  contain 
*'a  central  axis  made  up  of  large  transparent  cells,  and  extending 
beyond  the  base  of  the  tentacle  into  the  substance  of  the  membrane." 
The  marginal  tentacles  in  Mesonema^  Oceania,  and  Cyanaa  {Jig,  76.) 
are  hollow,  and  lined  by  a  continuation  of  the  ciliated  epithelium  of 
the  marginal  canal.  The  large  interbrachial  tentacles  of  Cephea  are 
processes  of  the  branched  proboscides  and  have  the  same  structure, 
consisting  of  a  thick  transparent  outer  substance  and  an  inner  mem- 
brane inclosing  a  tubular  canal :  but  at  the  extremity  they  are 
thickened^  and  the  outer  wall  is  raised  into  a  number  of  small  pyri- 
form  processes.  The  central  canal  branches  into  a  kind  of  plexus  which 
occupies  the  interior  of  the  enlarged  end  of  the  tentacle.  In  the 
smaller  tentacles  which  depend  from  the  concavity  of  the  pro 
boscidian  base  the  central  canal  terminates  in  a  simple  blind  end.f 


and  drags  after  it  a  long  train  of  riband-like  arms,  and  seemingly  interminable 
tails,  marking  its  course  when  the  body  is  far  away  from  us.  Once  tangled  in  its 
trailing  "  hair,"  the  unfortunate,  who  has  recklessly  ventured  across  the  griUMjful 
monster's  path,  too  soon  writhes  in  prickly  torture.  Every  struggle  but  binds  the 
poisonous  threads  more  firmly  round  Ids  body,  and  then  there  is  no  escape :  for, 
when  the  winder  of  the  fatal  net  finds  his  course  impeded  by  the  terrified  Human 
wrestling  in  its  coils,  he,  seeking  no  combat  with  the  mightier  bi]>ed,  casts  loose 
his  envenomed  arms,  and  swims  away.  The  amputated  weapons,  severed  from 
their  parent  body,  vent  vengeance  on  the  cause  of  their  destruction,  and  sting  as 
fiercely  as  if  their  original  proprietor  itself  gave  the  word  of  attack."  CXLVII. 
p.  10. 

♦  CXrV.  p.  62.  t  CXLV.  pp.  418-420. 
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The  tentacula  in  the  British  species  of  bare-ejed  Medusn* 
simple,  usually  filiforro,  and  highly  contractile.  "Each  of  tlje»e| 
organs,"  writes  Prof.  E.  Foj  bes,  **  may  he  extended  or  contracted 
singly,  or  in  concert  with  it^  feUovvs,  evirlently  obeying  promptly  the 
will  of  the  animal  of  which  they  form  part.  They  guide  the  Medusa  i 
through  the  sea»  and  can  anchor  it*  I  have  seen  a  Gerf/onia  anchor 
itself  by  means  of  its  lips,  clasping  a  coralline  with  them,  and  remain- 
ing tranquil  so  fixed  for  a  considerable  time."  * 

The  Medusas  swim  by  the  contractions  of  the  margin  of  their  disc; 
and  Hunter  has  put  up  a  corrugated  portion  of  the  under  surfaee  o| 
this  part  of  a  Rhizostomaf  which  he  considered  as  indicative  of  the  ' 
arrangement  of  muscular  fibres  in  that  part.  Subsequent  microscopic 
observations  have  confirmed  the  accuracy  of  his  views  of  this  struc- 
ture* 

The  fibres  run  parallel  with  each  other,  with  occasional  interrup-l 
tions  in  their  course |»  and  their  component  fibrillie,  like  those  irt I 
Oceania   and  Pflagia  nocttluca^t   present   the   transverse   striated! 
character  of  voluntary  muscle.     Prof.  E.  Forbes  states  that  he  ha{ir| 
paralysed  one  side  of  a  IthhosiomtJi  whose  disc  measured  more  than 
a  foot  across,  by  removing  with  a  scnlpel  the  subdiscal  fibrous  bands 
of  that  h.ilf,  wlulst  the  other  side  contracted  and  expanded  as  usual, 
though  w^ith  more  rapidity,  as  if  the  animal  was  alarmed  or  suf-, 
fering.|| 

The  evidence  of  distinct  nerves  and  ganglions  in  the  pulmograda] 
Acalephfe  rests,  at  present,  on  the  interpretation  which  Ehrenberg  hasj 
given  of  certain  appearances  in  connection  with  the  eight  brownl 
marginal  **cysticles"  (c/,  d^fg-  76.),  which  in  the  Ct/aniea  auritn  arei 
made  conspicuous  by  a  speck  of  red  pigment  on  their  upper  or  dorsalj 
side.      lie  describes  a  glanduhir,  bi-crural  ganglion  at  the  base  ofj 
each  of  these  cysticles,  interprets  the  cysticlos  as  **eyes,"  and  the  two 
crura  of  the  ganglion  as  optic  nerves.     Ehrenberg  also  describes  a 
snialler  ganglion,  shaped  like  the  above,  between  each  pair  of  th« 
marginal  tentacles.^     Mr.  Huxley  is  disposed,  from  the  analogy  of 
what  he  has  observed  in  lihizostoma  and  PhaceUophora^  to  regard 
the  so-called  **  optic  nerves"  as  merely  the  thickness  of  tw^o  Buperim-j 
posed  membranes,  **  and  a  y^vy  similar  explanation  may  he  given  of 
the  intertentacular  ganglia,  winch  appear  to  be  nothing  more  thanl 
the  optical  expression  of  the  thickened  walls  of  the  circular  canal,"** 

With  regard  to  the  part,  which,  from  its  characteristic  constancy 
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nnder  a  certain  range  of  modifications  in  the  Acalepliie,  I  Lave 
proposed  the  definite  term  of  ''cjsticle  "*,  I  may  remark  that  Gaede 
first  described,  in  Medusa  aurita^  eight  of  these  bodies  in  the  margin 
of  the  disc,  which  to  the  naked  eye  appear  as  white  points,  but  under 
tlie  microscope  are  seen  to  be  hollow  bodies  containing  at  their 
free  end  minute  corpuscles  f,  the  uppermost  of  which  are  grayish, 
the  undermost  brownish,  and  all  of  them  more  or  less  hexan- 
gular.  Ehrenberg  compares  these  corpuscles  with  the  crystals  of 
quartz,  but  found  them,  contrary  to  Rosenthars  statement,  soluble 
and  effervescent  in  sulphuric  acid.  Observing  a  little  cell  filled  with 
red  pigment  granules  above  each  cysticle  in  the  Cyarusa  auricula^ 
the  same  eminent  micrographcr  suggested  that  they  might  be  organs 
of  vision  analogous  to  the  ocelli  or  coloured  specks  in  Rotifera  and 
Entomostraca,\ 

In  all  the  larger  Medusae  which  are  characterised  by  a  much  rami- 
fied and  anastomosing  series  of  chylaqueous  vessels  the  cysticles  are 
protected  by  more  or  less  complicated  membranous  hoods  or  lobed 
coverings :  in  the  smaller  Medusas  which  possess  a  more  simple 
chylaqueous  system,  the  radiating  canals  of  which  are  either 
unbranched,  or  if  ramified,  not  anastomosing,  the  cysticles  are 
unprotected,  exposed,  and  often  obsolete.  Prof.  E.  Forbes,  adopting 
Ehrenberg's  idea  of  their  function,  proposes  to  divide  the  Pul- 
xnogrades  into  the  Steganopthalmata  and  Gymnopthalmata.  In  the 
latter  or  bare-eyed  family  the  pigment-cells  associated  with  the 
cysticles  vary  much  in  colour,  being  purple,  orange,  yellow,  black 


*  Hohlen  KOrper  mit  Kdrperchen,  Gaede.  Band  KOrpern  und  Avge,  Ehrenl)erg. 
Tubercitles  venculaires^  Edwards.  GehoMischen,  Will.  Gehihrwerhzeugey  Sicliold. 
In  the  excellent  monograph,  CXI^V.,  tliey  arc  called,  in  paragraph  21,  "marginal 
corpuscles,"  in  the  next  paragraph  "  marginal  vesicles  ; "  in  par.  22  **  the  cor- 
puscle "  simply.  In  the  description  of  the  plates,  **  fig.  8.  is  a  portion  of  the 
marginal  canal,  with  a  tentacle,  and  two  marginal  corpuscles.  Fig.  9.  portion  of 
the  marginal  canal,  with  a  young  tentacle,  and  a  marginal  vesicle^  containing  two 
corpuscles.**  (p.  431),  the  same  name  being  sometimes  applied  to  the  contents,  and 
sometimes  to  the  thing  containing,  or  to  the  whole  organ.  One  so  zealous  for  the 
right  understanding  of  the  structures  of  the  marine  invertebrata,  as  the  clear- 
sighted author  of  CXLV.,  will  be  the  first  to  excuse  the  attempt  to  remove  a 
source  of  ambiguity  in  any  detail  of  their  descriptive  anatomy.  I  have  proposed 
for  the  constant  and  remarkable  organ  in  question,  the  term  "  cysticle"  (from  cysti- 
cula)y  instead  of  cysticule,  agreeably  with  the  analogy  of  **  tentacle,"  and  *♦  pe- 
duncle," applied  to  other  parts  of  the  Acalepluc.  This  single-worded  name  has 
also  the  advantage  of  suggesting  no  hypothetical  view  of  function. 

t  '*  Unter  dem  mikroskop  aber  wird  mann  cinen  hohlen  Kiirper  gewahr,  dcr  an 
dem  einen  freicn  Endc  vielc  kloinc  Kbrperchen  tragt."    CXXXIX.  p.  1 8. 
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and  even  Tariegaled,  in  different  species.     Yellow  witli  a  red  dot  U 
a  common  condition  and  is  well  defined  in  Oceaaia.* 

In  Bome  Acalepbae  the  cysticles  are  not  complicated  with  pigment- 
cells.  In  tlie  ^Equorea  rtoiacea  the  marginal  tentacular  interspaces 
are  divided  by  a  mammillury  process,  on  each  side  of  which  are  twa  j 
cysticles,  of  an  oral  or  spherical  fomi,  containing  each  two  or  three 
spherical  corpuscles.f  In  Geryonia,  ThaumantiaSy  Oceania  and 
Puft/xenia  the  eysticles  are  sessile  npon  the  circular  vessel,  and 
placed  between  its  inner  and  outer  membranes :  in  Phacellophora  aa 
in  Cyanceat  each  cysticle  is  placed  at  tlie  extremity  of  a  short  doable- 
walled  tubular  pedicle  projecting  downwai-ds,  the  nnder  margin  of 
the  fissure  in  which  it  is  lodged  being  prolonged  into  two  overlapping 
fringes,  whilst  the  pedicle  is  a  prolongation  of  the  marginal  system 
of  canals*  In  Cephea  and  Ilhizostoma  the  cysticle  is  placed  in  a  notch 
between  two  lobe-like  processes  of  the  margin  of  the  disc  and  looks 
upwards.  On  the  upper  surface  a  semilunar  fold  extends  from  one 
lube  to  the  other  and  covers  the  cysticle.  \  The  eysticles  are  below 
the  marginal  tentacles  in  Thaumantias^  but  allei'nate  with  them  in 
the  nearly  allied  Gerijoma.^  Tl^e  eysticles  are  yellow  in  Pelagia 
nociiluca,  but  colourless  in  Casuoptva  and  Aurelki^^fiiX  the  colourless 
pedunculate  marginal  eysticles  of  Polt/xenia  leucostyla  contain  each  a 
single  round  corpuscle,  whilst  the  eysticles  of  Ct/£aeLs  poh/styla  con- 
tain a  cluster  of  yellowish  calcareous  corpuscles.  |  Will  and  Siebold 
regard  these  contained  corpuscles  as  homologous  with  the  otolites  of 
higher  animals  antl  the  cysticle  as  an  organ  of  hearing II ;  its  cavity  is 
lined  by  vibratile  cilia  in  OccaniVa**,  which  impress  a  vibratile  move- 
ment upon  the  contents,  like  that  whieh  characterises  the  otolitic 
corpuscles  in  the  Mollusca.  As  the  pigment-cell,  when  present,  is 
didiinct  from  the  cysticle  it  may  do  the  office  of  a  light -appreciating 
organ,  and  the  cysticle  that  of  a  simple  organ  of  hearing.  Wc  may 
with  much  reason  regard  aa  organs  of  touch  tlie  labial  and  marginal 
tentacles. 

The  ciliograde  Acalephas  are  beautifully  represented  in  seas  that 
wash  our  coasts  by  the  little  semi*trnnsparent,  delicately-tinted,  sphe- 
roidal animals  (Jtf/,  77/)  called  Be  roe  by  Miiller,  and  now  the  typea 
of  many  generu,  which  hiive  this  in  common^  that  their  chief  or- 
gans of  motion  consist  of  unusually  large  vibratile  cilta,  aggregaled 
in  lameliiform  groups  ( ik  c,  c),  which  seeming  plates  are  arranged 


•  CXLVH.  p.  9.  t  CXLVI,  p.  196.  pi.  h  lig.  Ic, 

t  CXLV.  p.  41G,  §  CXLVIL  p.  tt. 

Ij  CXIV.  pp.  64.  C8.  Tf  XXIV.  p,  6L 

•♦  Obsenoc!  by  Kollikcr,  qaot4jd  in  CXLVII.  p,  9. 
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fike  the  paddles  of  a  propelling  wheel,  along  eight  equidistant  convex 

bands,  extending  from  near 
one  end  or  pole  of  the  body 
to  near  the  other,  like  the  me- 
ridians of  an  artificial  globe. 
The  organs  by  which  the  Beroe 
can  attach  itself  to^  or  poise 
its  body  on,  a  solid  surface, 
are  two  very  long  tentacles, 
which  are  fringed  on  one  side 
with  cirri.  These  cirrated  ten- 
tacles (dy  dyfig^  77.),  which 
cydippe.  ^^^  ^^  stretched  out  in  some 

to  more  than  twenty  times  the  length  of  the  body,  can  be 
instantaneously  retracted  into  the  two  cavities  or  sheaths  which 
extend  along  each  side  of  the  slender  intestine ;  the  marginal  cirri 
in  this  act  being  as  instantaneously  coiled  up  in  a  series  of  close 
i^rals,  and  the  whole  complex  tentacles  compacted  within  the  limits 
of  a  pin's  head. 

**  Like  a  planet  round  its  sun,  or,  more  exactly,  like  the  comet  with 
its  magic  tail,  our  little  animal  moves  in  its  element  as  those  larger 
bodies  revolve  in  space  ;  but,  unlike  them,  and  to  our  admiration,  it 
moves  freely  in  all  directions,  and  nothing  can  be  more  attractive 
than  to  watch  such  a  little  living  comet,  as  it  darts  with  its  tail  in 
undetermined  ways  and  revolves  upon  itself,  unfolding  and  bending 
its  appendages  with  equal  ease  and  elegance  ;  at  times  allowing  them 
to  float  for  their  whole  length,  at  times  shortening  them  in  quick 
contractions,  and  causing  them  to  disappear  suddenly,  then  dropping 
them,  as  it  were,  from  its  surface,  so  that  they  seem  to  fall  entirely 
away,  till,  lengthened  to  the  utmost,  they  again  follow  the  direction 
of  the  body  to  which  they  are  attached,  and  with  which  the  connec- 
tion that  regulates  their  movements  seems  as  mysterious  as  the 
changes  are  extraordinary  and  unexpected.  For  hours  and  hours  I 
have  sat  before  them  and  watched  their  movements,  and  have  never 
been  tired  of  admiring  their  graceful  undulations.  And  although  I 
have  found  contractile  fibres  in  these  thin  threads,  showing  that  these 
movements  are  of  a  muscular  nature,  it  is  still  a  unique  fact  in  the 
organisation  of  animal  bodies,  that  by  means  of  muscular  action  parts 
may  be  elongated  and  contracted  to  such  extraordinary  and  extensive 
limits.  At  one  moment  the  threads,  when  contracted,  seem  nodose ; 
next,  the  spiral,  elongating,  assumes  the  appearance  of  a  straight  or 
waving  line.  But  it  is  especially  in  the  successive  appearances  of 
the  lateral  fringes,   arising  from  the  main  thread,  that  the  most 
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extraonlinary  diversity  h  displayed.  Not  only  aro  tlicy  strctcliod 
under  all  poasiWe  angles  from  the  main  stem,  at  times  seeming  per- 
pendicular to  it,  or  bent  more  or  le?s  in  the  same  direction,  and  again 
as  if  combed  into  one  mai«s ;  l>irt  a  moment  afterwards  every  thread 
seems  to  be  curled  or  wftving,  the  nuiin  thread  being  straiglit  or 
undulating,  then  the  shorter  tlireads  will  be  stretched  straight  for 
some  di^tfmee,  and  then  suddenly  bent  at  varions  angles  upon  them- 
BeWes,  and  perhaps  n^peat  such  ssigsings  seTcral  times,  or  they  will  be 
stretched  in  one  direction,  then  they  will  be  coiled  up  from  the  tip, 
and  remain  banging  like  pearl?,  suspended  by  a  delicate  thread  to 
the  main  stem,  or,  like  a  broken  whi|%  be  bent  in  an  acute  angle 
upon  themselves,  with  as  still'  an  appearance  as  if  the  whole  were 
made  up  of  wires ;  and,  to  complete  the  wonder,  a  part  of  the  length 
of  the  main  thread  will  assume  one  appearance,  and  another  part 
another,  and  pass  from  out*  into  the  other  in  the  quickest  possible 
succession  J  so  that  I  can  truly  say  I  have  not  knowni  in  the  animal 
kingdom  an  organism  exhibiting  more  sudden  changes,  and  present* 
ing  more  diversified  and  beautiful  images,  the  action,  meanwhile, 
being  produced  in  such  a  way  as  liardly  to  be  understood.  For, 
when  expanded,  tlicse  threads  resemble  rather  a  delicate  fabric  spun 
with  the  finest  spider*s  thread,  at  times  brought  close  together, 
combed  in  one  direction  without  entangling,  next  stretched  apart, 
and  preserving  in  this  evulution  the  most  perfect  parallelism  among 
themselves,  and  at  no  time,  and  under  no  circtimstances,  confusing 
the  fringes  of  the  two  tlireads.  They  may  cross  each  other,  they 
maj  be  apparently  entangled  throughout  their  length,  but  let  the 
animal  suddenly  contract,  and  all  these  innumerable  interwoven 
fringe's  unfold,  contract,  and  disappear,  reduced,  as  it  were,  to  one 
little  drop  of  most  elastic  India  rubber.*'  * 

If  we  regard  with  Agassiz  the  halves  of  the  body  of  the  Beroe, 
which  might  be  divided  by  a  plane  passing  through  the  split  of  the 
oblong  mouth»  as  **  right'*  and  *'lcft,**  the  tentacles  are  there  placed 
one  on  the  right,  and  the  other  on  the  left,  side  of  the  animal. 

The  transverse  mouth,  situated  in  Ct/dippe  at  the  extremity  marked 
o,Jt^.  77.,  is  bounded  in  most  ciliogrades  by  lobes,  and  tlie  buccal 
membrane  in  some  species  is  produced  into  minute  and  highly  con- 
tractile tentacles.  Below  these  the  alimentary  canal  exptinds  into  a 
moderately  wide  stomach  extending  about  half-way  towards  the 
opposite  pole.  The  form  of  the  cav  ity  varies  according  to  its  state  of 
contraction,  from  circular  to  oblong  or  angular.     Towards  the  fundus 


*  Thia  bcflutifiil  dc^cripdon  is  given  liy  Agassiz,  in  Lis  valuable  and  claborato 
luonogrnph,  CXJ.VIII.  pp.  314,315. 
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the  walls  of  the  stomach  present  four  folds,  which  are  lined  by  brown 
cells,  like  those  in  the  Hydra,  and  probably  fulfilling  an  hepatic  func- 
tion. The  ciliated  epithelium  is  best  developed  at  the  bottom  of  the 
stomach.  This  part  of  the  digestive  sac  communicates  with  a  cili- 
ated chylaqueous  (nutritive  and  respiratory)  cavity,  comparable  to  that 
in  Actinia  (Jig.  63.  ^,  ^  ),  by  two  small  apertures,  each  guarded  by 
a  sphincter.  The  chylaqueous  cavity  surrounds  the  stomach,  beyond 
which  its  narrower  end  extends  vertically  as  a  cloacal  canal  to  the 
pole  opposite  the  mouth,  where  it  terminates  by  two  small  excretory 
outlets.  Between  and  below  the  sheaths  of  the  tentacles  (^,  g.fig.  78.) 
the   chylaqueous  cavity  sends  out  transversely  two  wide  canals  in 

opposite  directions,  which  bifurcate  at 
acute  angles,  each  branch  again  bifur- 
cating at  similar  angles  (somewhat  as 
shown  in  the  transverse  section  of  the 
Cydippcyjig.  78.,  but  varying  according 
to  the  point  of  view),  thus  sending  off 
eight  radiating  horizontal  canals,  which 
send  off  as  many  vertical  canals  along 
the  whole  extent  of  the  eight  rows  of 
vibratile  fringes ;  branches  are  also 
Cydippc.  gent  to  supply  the  tentacular  sheaths, 

and  two  tubes  extend  vertically  along  the  flat  surface  of  the  stomach 
to  the  margin  of  the  mouth.  At  the  oral  end  of  the  spheroid  the 
longitudinal  canals  communicate  with  a  circular  one,  and  a  similar 
circular  vessel  surrounds  the  anal  disc,  in  Beroe  ForskaliL* 

Willf  has  given  a  good  descnption  and  figure  of  the  infundibular 
chylaqueous  cavity,  and  the  canals  sent  off  to  the  stomach,  to  the 
long  and  short  rows  of  cilia,  to  the  tentacles  and  the  body-lobes,  in 
the  Eucharis  multicorniSj  a  lobed  Beroe,  belonging  to  the  same  family 
as  the  Lesueuria  of  Edwards  and  the  Bolina  of  Agassiz,  who  confirms, 
in  the  main,  this  account,  in  his  elaborate  description  of  the  chyla- 
queous system  of  a  North  American  Beroii  {Pleurobrachia  rhodO' 
dactyla^  Ag.J).  In  this  species  M.  Agassiz  observed  that,  besides 
the  movement  of  the  chylaqueous  fluid  due  to  the  ciliated  epithelium 
lining  the  system  containing  it,  the  parietes  of  the  central  cavity  of 
the  main  trunks,  as  well  as  those  of  the  vessels  to  the  ciliated  bands, 
contracted  and  dilated  ;  and  that  the  dilatation  of  the  vessels  of  one 
side  of  the  body  alternated  with  the  dilatation  of  those  of  the  other 

♦  Sec  the  beautiful  figure  of  the  system  of  ciliated  chjlnqueous  canals,  injected 
in  CXLVI.  pi.  6.  fig.  l.,a. 
t  CXIV.  p.  31.  tab.  i.  fig.  iii. 
X  CXLVill.  pp.  332  —  339.  pi.  iii.  and  iv. 
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side.  Chyle,  or  reduced  chymous  particleB  of  the  food,  witli  i 
circulates  freely  through  the  cavity  and  cauab  of  the  system  above- 
described^  and  elTeto  partick-a  are  seiit  out  with  the  fluid  by  the 
excretory  pores,  which  aru  homologous  with  those  of  the  correspond- 
ing system  of  canals  in  the  Cyarnsa  (Jig,  76.  c,  c),  and  only  remotely 
analogous  to  the  anal  outlet  of  the  true  intestinal  canal  in  the  Brf/osoa 
and  hfglier  forms  of  animals.  In  Ct//ath^  Gen/otiia^  and  Thau^ 
mantifis  four  canals  are  continued  from  the  digestive  chylaqueous 
cavity  to  the  marginal  circular  canal ;  whilst  in  j-Et/uorea  not  fewer 
than  seventy-four  canals  radiate  from  the  stomach  to  the  marginal 
canal. 

Agassis  has  described  the  longitudinal  muscular  fasciculi  beneath 
the  superficial  rows  of  vibratile  fringes,  and  the  pinnate  bundles  of 
fibres  attached  to  the  sides  of  those  rows,  and  which  penetrate  into 
the  substance  of  the  gelatinous  mass.     By  means  of  these  muscles, 
the  fringes,  although  they  usually  move  together,  yet  sometimes  act 
independently,  and  even  particular  cilia  in  each  lamelliform  fringe  \ 
may  move  whilst  the  others  are  at  rest«    The  same  acute  and  inde- 1 
fat* gable  observer  has  figured  the  radiating  fibres  of  the  muscles 
which  dilate  the  mouth,  and  the  circular  fibres  which  dose  it,  and 
the  diverging  fibres  of  the  main  vertical  fasciculi,  which  form  a  kind  I 
of  sphincter  around  the  tube  leading  into  the  tentacular  sheathJ 

The  evidence  of  the  nervous  system  in  the  Ciliogrades  is  doubtful 
and  conilicting. 

Dr.  Grant  f  has  described  and  figured  a  double  filamentous  chord 
connecting  a  chain  of  eight  ganglions  around  that  extremity  of  the*j 
Beroi  yCt/dippt) pilcus{fy,  77^  b>\  from  near  which    the   two   long] 
cirrigerous  tentacula  {d  d)  arc  protruded,  and  wliere  be  supposed  iho  ^ 
mouth  to  be  placed.     Whatever  analugy  such  nervous  system  may 
bear  to  tliat  of  the  Echinoderins  in  the  circular  disposition  of  the 
central  filaments,  and  the  radiation  of  nerves  from  that  centre,  it  haa 
none  in  I'cgard  to  its  situation,  for  the  mouth  of  the  Beroe  m  at  the 
opposite  end  of  the  body.  \ 

^lilne  Edwards  §  and  Will  ||  both  r^oct  the  above  described 
nervous  system.  A  single  cysticle  appears  to  be  present  in  all 
Beroidw  at  the  anal  pole  of  the  body,  in  a  depression,  protected  by 
lobes  of  the  integument;  and  beneath  the  cyeticle  is  a  yellowish] 
mass  of  a  ganglionic  appearance,  which  both  the  above-cited  ob- 
acTvera  refer  to  the  nervous  system.  The  cysticle  contains  some 
clear  fluid  with  an  aggregate  of  crystalline  corpuscles  of  a  while 

•  CXLVnL  pp.332— 339,  pi  2.  n,  o,  /i.  f  CXIJX  p.  10.  pi.  2.  f.  1. 

%  CXLVIL  p.  206.  pi  4.  §  CXLVX  p.  207.  4  CXI V.  p,  4 
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colour,  in  Cjdippe  and  Eacharia,  of  a  reddish  tinge  in  Beroe.  These 
corpofldes  Tibrate  by  the  action  of  Yhe  cilia  of  the  lining  epithelium 
of  the  cjsdde.  Some  saperimposed  dark-coloured  pigment-cells 
render  its  situation  conspicuous.  By  some  anatomists  the  combined 
cystide  and  pigment-cells  have  been  regarded  as  a  simple  oi^an  of 
Tision,  bj  others  as  a  simple  organ  of  hearing  ;  both  would  probably 
be  right  if  they  would  limit  the  one  sense  to  the  pigment  spot,  the 
other  to  the  cystide.  The  remarks  by  ^L  Agassiz  on  the  nervous 
system  of  the  Beroidae  appear  to  me  so  just,  and  accord  so  well  with 
the  conclusions  to  which  my  own  observations  have  led,  tliat  I  cannot 
better  conclude  my  notice  of  this  part  of  the  ciliograde  structure  than 
by  quoting  them :  — 

*^  Ab  for  the  nerves  which  are  said  to  arise  from  the  ganglion  con- 
nected with  this  black  speck,  I  have  been  unable  to  make  them  out. 
I  have  seen  numerous  muscular  or  contractile  fibres  connected  with 
the  lower  extremity  of  tlie  chymiferous  funnel ;  I  have'  seen  these 
fibres  diverging  from  above  the  so-called  ganglion,  but  have  never 
been  able  to  trace  any  one  of  them  beyond  the  length  which  con- 
tractile fibres  have  ;  again,  I  have  repeatedly  seen  these  fibres  in  a 
state  of  contraction  or  relaxation,  presenting  so  little  regularity 
in  their  distribution,  that  for  the  present  I  think  it  were  rather 
assuming  to  decide  upon  the  disposition  of  the  nervous  system  of 
Berold  Medusae.  I  am  even  satisfied,  from  the  descriptions  published, 
that  the  eight  converging  narrow  tubes,  of  which  I  find  no  mention 
in  former  authors,  must  liave  been  probably  mistaken  for  nervous 
threads  by  some;  and  when  Professor  Grant  states  that  Beroe  has 
eight  nervous  threads,  I  suppose  he  alludes  to  the  eight  narrow 
chymiferous  tubes,  the  connection  of  which  with  the  ambulacral 
tubes  is  so  easily  traced,  though  their  central  connection  with  the 
vertical  funnel  still  remains  doubtful.  I  do  not,  however,  deny  that 
this  centre"  (the  cysticle),  "is  a  point  where  we  have  to  look  for  at  least 
one  part  of  the  nervous  system,  and  the  gelatinous  lobes  about  the 
mouth  for  the  other  part,  if  there  be  really  a  distinct  nervous  system 
in  Beroid,  as  in  Discoid  Medusa;.  But,  for  my  own  part,  I  have 
failed  in  tracing  it  out ;  though,  I  may  add,  that  I  am  sufficiently 
acquainted  with  the  structure  of  the  region  where  it  is  said  to  have 
been  observed,  to  doubt  the  accuracy  of  the  statements  which  have 
been  made  about  it,  especially  in  the  precision  and  distinctness  with 
which  it  is  mentioned.  And  I  express  these  doubts  notwithstanding 
the  doubts  I  have  myself  respecting  the  real  nature  of  some  organs 
around  the  central  black  speck,  for  the  very  reason  that,  after  finding 
there  more  than  has  been  seen  and  described,  and  various  things 
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which  may  answer  the  vngue  description  given,  I  do  not  in  reality 
find  what  has  been  said  to  exist  in  that  part  of  the  animal''  • 

The  most  conspicuous,  if  not  the  most  typical,  member  of  the 

physograde      order 
JX\  of  AealepliDB  is  tlie 


n 


^yp-yrY^^ 


PlijrwlU. 


Phf^salia  (Juf.  79.), 
in  whidi  all  that 
part  answering  to 
tliedisc  in  the  **pul- 
mograde"  order,  is 
expanded  into  a  bag, 
the  major  part  of 
which  is  occupied 
by  an  air-bladder, 
whilst  the  digesltve 
cavity  is  subdivided 
amongst  a  series  of 
appendages  attached 
to  one  part  of  the 
under  surface  of  the 
bag.  Tliiist  part  con- 
sists of  an  outer  thin 
and  dense  mem- 
brane, of  an  inner 
thicker  membrane 
beset  with  long  cilia, 
and  of  an  air-bladder. 


whicli  at  one  point,  a,  is  attached  to  the  above  membranes,  where 
there  is  a  sniaH  constricted  aperture,  at  least  in  the  outer  membrane. 
This  membrane  is  developed  into  a  kind  of  crest  along  its  upper  part. 
It  18  provided  with  many  fine  muscular  fibres,  and  the  whole  bag 
contracts  into  a  small  irregular  mass  when  punctured  and  the  air 
evacuated  ;  but  it  seems  that  the  Pliysalia  has  no  power  of  voluntarily 
emptying  ita  air-bag. 

The  appendages  are  of  three  kinds,  —  urticating,  digestive,  and 
(probably)  generative.  The  urticating  tentacles  are  the  longest; 
they  are  hollow,  and  are  provided  with  muscular  fihre^s  of  which  the 
most  conspicuous  are  iongiludinal,  and  serve  to  retract  them;  they 
contain  many  corpuscles  of  a  reniform  siinpe,  and  are  richly  provided 
with  thread-cells,  whose  filaments  are  of  tlie  spiral  kind.  The  gastric 
appendages  ai"e  shorter  and  wider,  and  are  provided  with  stomata, 


•  cxLvm.  p.34a. 
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which  are  applied  to  the  prey  seized  and  benumbed  by  the  tentacles 
If  the  prej  be  small,  it  is  sucked  bodily  into  the  gastric  sac  ;  if  large 
the  sac  becomes  distended  with  its  juices  and  dissolved  parts,  the 
gastric  secretion  being  a  very  rapid  and  powerful  solvent  The 
mooth  of  each  sac  is  wide,  with  a  broad  everted  lip,  armed  with  a 
series  of  ^nettle-cells."  The  whole  gastric  appendage  is  highly 
contractile  and  in  constant  motion  in  the  living  animal.  The  ap- 
pendages of  the  third  class  are  cyathiform  ;  the  development  of  gene- 
rative parts  has  not  yet  been  followed  out  in  these.  The  question  of 
the  genetic  cycle  of  the  Fhysalia  is  one  of  the  most  interesting  that 
remains  open  to  the  observations  of  the  naturalist  who  may  traverse 
the  tropical  seas  where  they  most  abound. 

The  Physophora  differs  from  the  Fhysalia  in  having,  besides  the 
principal  or  axial  air-bladder,  a  number  of  smaller  ones  appended  to 
it,  placed  one  below  the  other,  and  forming  by  their  aggregation 
prisms  or  cylinders  :  the  tentacles,  as  in  Fhysalia,  are  of  three  kinds : 
some  are  filiform,  beset  with  thread-cells  and  cirri,  susceptible  of 
much  elongation ;  the  others  form  a  racemose  cluster  at  their  lower 
extremity,  e.  g.  in  the  Physophora  hydrostadca :  some  form  groups 
of  pyriform  or  spherical  vesicles ;  a  third  kind  are  short  and  conical, 
and  perform  the  office  of  digestion.  The  sac  or  body  is  defended  by 
substances  of  cartilaginous  hardness.  Only  the  external  membrane 
of  the  air-bladder  appears  to  be  perforated  in  the  Fhysophora.  For 
the  description  of  a  compound  form  of  physograde  Acalephe,  forming 
the  genus  Siepbanomia,  I  may  refer  to  the  excellent  paper  CXLVI. 
p.  217. 

The  genus  Diphyes  presents  a  long,  conical,  subangular  body  of  a 
cartilaginous  firmness,  closed  and  pointed  anteriorly,  with  two  wide 
apertures  at  its  base :  the  upper  of  these  is  the  outlet  of  the  cavity 
containing  the  air- vesicle,  and  is  called  the  natatorial  cavity ;  the  lower 
orifice  is  that  of  the  nuclear  cavity,  from  which  issues  a  tubular  ten- 
tacle, with  polypoid  organs  seated  upon  it.  Within  this  cavity  is 
usually  sheathed  a  second  conical  capsule,  traversed  by  the  common 
tube  or  ^  chapelet,"  and  having  also  its  air-bladder  :  in  this  the  ovary 
or  testis  is  developed.  As  it  enjoys  independent  movement  when 
separated  from  the  former,  it  was  regarded  by  Cuvier  as  a  distinct 
individual,  developed  by  gemmation ;  and  it  is  homologous  with  the 
medusoid  individuals  similarly  developed,  and  appropriated  to  the 
generative  function,  by  ova,  in  the  Coryne.  The  canal  into  which 
the  stomach  opens  terminates  in  a  long  rounded  cavity,  lined  by  a 
ciliated  epithelium. 

Two  genera  of  physograde  Acalephas  have  an  elliptic  or  circular 
discoid  body,  supported  by  an  internal  cartilaginous  or  snbcalcareous 
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plate.  In  the  circular  form  culled  Porpita  t!ie  plate  consists  of  two 
lamclln?,  tocliniing  a  great  number  of  air-canals,  the  parietes  of  which 
are  slightly  calcified:  the  prehensile  organs  are  chiefly  developed 
from  the  margin  of  the  float  In  the  elliptical  VehUa  the  horizontal 
disc  consists  of  four  pieces  united  together  by  oblique  sutures :  from 
the  upper  surface  of  the  body-disc  there  rises  a  second  thin  semi- 
elliptic  plate^  which  is  set  at  the  same  angle  to  the  disc  or  deck  as 
tlie  lateen  sail  of  the  Malay  boat.  By  means  of  this  plate  the  little 
Velelhi  is  wafted  along  by  the  action  of  the  wind,  and  has  probably  been 
often  mistaken  by  navigators  for  liie  fabled  ceplialopodic  Paper-sailor 
{Argon&Hta\  Prehensile  and  digestive  lentacula  depend  from  the 
under  surface  of  the  disc,  in  the  centre  of  which,  both  in  Porpita  and 
Vehlla,  is  a  short  tube,  with  an  orifice  that  probably  relate^n  to  the 
excretory  and  respiratory  functions. 

The  Acalephie  propagate  by  spontaneous  fission,  by  gemmation, 
and  by  impregnated  ovai  the  parthenogenetic  modes  are  chiefly 
limited  to  the  young  or  larval  state*  In  some  species  the  gem- 
ination  is  incomplete,  and  a  ehain  of  organically-connected  individuals 
results,  as^  e,  g.  in  the  Diphyex  campanulifera  and  the  Sfephanomia 
profifera.  Both  these  and  the  Phtfsophoruhe  are  also  oi'iparous. 
In  the  Diphtfidw  the  generative  individual  commences  as  a  hud  or 
process  of  the  common  tube,  and,  after  great  changes  in  its  form, 
becomes  provided,  like  the  parent  individual,  with  a  natatory  organ 
and  with  a  sac  composed  €if  two  membranes  suspended  from  its 
centre.  The  ova,  or  the  spermatozoa,  according  to  the  sex,  are 
developed  between  the  two  membranes  of  the  sac;  the  individual 
then  becomes  detached,  and  swims  freely  about. 

In  the  Norwegian  seas  there  are  little  Medusie,  very  simihir  to 
those  called  by  Eschchohz  Cfftuis^  in  which  Sars  observed  that  gem- 
mation took  place  from  the  sides  of  the  pendant  stomach;  this  organ 
has  four  sides,  and  from  eacli  of  these  proceeds  a  little  bud,  and  these 
buds  are  observed  in  ditFerLnt  grades  of  development :  they  are 
successively  detached  as  they  attain  the  form  of  the  parent  in  mi- 
niature, and  soon  acquire  their  full  size.*  In  l^Iay,  1837,  Sars  ob- 
served a  similar  gemmation  in  the  Tkaumantias  muliicirrata^  a 
(probably  larval)  Aealephe,  one  inch  in  diaiueter«f  In  the  Sariia, 
profifera  Forbes  found  ihe  buds  produced  at  the  bases  of  the  four  mar- 
ginal tentacles^  and  hanging  from  them  in  bunches.  The  degree  of 
development  is  not  equal  in  all  the  four  bunches,  and  in  each  case  buds 
arc  seen  in  very  various  stages  of  development,  from  embryo  wart -like 
sprou tings  to  miniature  medtisic.  J  Will  states,  that  in  the  Beroe 
(Eucharis')  muliicornis  he  saw  the  tubercles  and  lobes  occasionally 
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detached,  and  aasuming  signs  of  independent  life* ;  swimming  freely, 
and  acquiring,  with  a  slight  growth,  a  certain  radiated  form :  but  the 
acquisition  of  the  form  of  the  parent  bj  these  buds  has  not  been  wit- 
nessed. Martens  observed  small  portions  of  the  bodj  of  the  Cestum 
veneris  detached,  which  moved  independently  for  some  time.f 

The  most  common  mode  of  generation  in  the  completed  forms  of 
AeaiephiB  is  by  the  development  of  ova  impregnated  by  sperma- 
tozoa. In  certain  ciliogrades,  e.  g.  Eucharis  multicomis,  the  ova  ore 
developed  in  the  common  cavity  of  the  body  along  one  side  of  each 
loDgitadinal  rib  or  ridge,  and  the  testes  on  the  other  side ;  so  that 
there  are  eight  rows  of  ova  and  eight  of  testes.  An  efferent  canal 
extends  from  each  row  towards  the  mouth.  This  androgynous  con- 
dition, with  the  distinct  stomach  and  chylaqueous  cavity,  indicates  the 
affinity  of  the  Beroidse  with  the  Actiniae.  The  pulmogrades  are  highly 
prolific,  and  propagate  in  the  ordinary  manner  by  impregnated  ova ; 
the  germs  of  which  are  developed  in  one  set  of  individuals,  whilst  the 
spermatozoa  are  developed  in  organs  peculiar  to  other  individuals,  the 
Acalephse  of  this  order  being  male  and  female.  Gaede  first  pointed 
out  the  ovoria,  and  described  and  figured  the  ova  in  the  mcdusse.^ 
Ehrenberg  confirmed  and  added  to  Gaede's  observations  of  the  fe- 
males ;  but  he  thought  the  spermatozoa  of  the  male  medusse  parasitic 
cercariae,  the  testes  and  ovaria  having  the  same  form  and  colour  in 
the  younger  meduss§  :  but  they  are  different  in  structure,  and  the 
males  have  never  the  marsupial  sacs  on  the  arms. 

In  Geryonia  and  Thaumantias  the  generative  sacs  are  situated  in 
some  part  of  the  canals  traversing  the  disc ;  in  Aurelia  they  are  formed 
by  pushing  in  the  wall  of  the  stomach ;  in  Rhyzostoma  and  Cephea  they 
are  attached  to  the  under  wall  of  the  stomach  ;  in  Cyancoa  the  organs 
of  generation  are  situated,  in  both  sexes,  in  four  cavities  {fig.  71,  <»,  c,) 
which  push  in  the  walls  of  the  stomach  and  open  on  the  under-part 
of  the  disc,  near  the  mouth.  The  females  of  Cyanaa  aurita  are 
distinguished,  at  the  advanced  stage  of  the  breeding  season,  by  the 
numerous  small  flask- shaped  marsupial  sacs  which  arc  attached  to 
the  under  surface  of  the  oral  tentacles. 

Male  medusae  do  not  differ,  in  respect  of  size,  from  the  females. 
Siebold  ||  finds  that,  when  the  Cyanaa  aurita  is  but  1|  in.  to  IJ  in. 
long,  the  moles  may  be  distinguished  by  the  sperm-sacs  in  the  taenii- 
form  testis,  and  the  females  by  the  germ-vesicle  and  spot  in  the 
similarly  shaped  ovaria  ;  but  the  band-like  genital  organ  is  small,  and 
instead  of  folds,  shows  only  risings   and   depressions.     When   the 
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medusfiB  are  still  younger,  tlie  organ  is  only  ft  flat  bnnd^  without 
equalities.  Eacli  testis  consists  of  a  band  with  many  folds  ;  the  whole 
bent  in  a  bow,  with  the  convexity  attached  to  the  concave  wall  which 
divides  the  generative  cavity  from  the  stomach. 

If  a  probe  be  inserted  into  the  generative  cavity>  it  immediately 
touches  the  under  or  outer  surface  of  the  testis;  if  it  be  passed  into  the 
digestive  cavities,  it  touches  the  upper  or  inner  surface  of  the  testis, 
but  not  immediately,  the  epithelium  of  the  digestive  cavity  covering 
this  surface  of  the  testis.  The  testis  is  much  longer  than  the  cavity 
containing  it,  but  is  adapted  thereto  by  its  nuraerous  folds.  Its  con- 
cave side  gives  off  a  numerous  series  of  higldy  irritable  coloured 
tentacles,  having  the  same  structure  as  those  on  the  arms  :  they  are 
richly  ciliated,  and  contain  many  hyaline  rounded  corpuscles  and  I 
thread-cells  immediately  beneath  the  surface.  Tlie  spermatic  ten- 
tacles arc  capable  of  only  moderate  extension  :  at  the  breeding  time 
they  project  from  the  mouth  of  the  generiitive  cavity,  leaving  onlyi 
a  small  passage  in  their  centre.  By  their  powerful  ciliary  apparatus 
they  keep  up  a  strong  current  of  sea-water  in  the  cavity,  and  ihtis 
aid  in  the  expulsion  of  the  semen.  No  ciliary  movement  is  observable 
upon  the  delicate  epithelinra  covering  the  lower  surface  of  the  testis. 
The  parenchyma  of  the  testis  consists  of  a  transparent  granular  sub- 1 
stance  in  which  are  imbedded  innamerable  pyriforra  sacs,  having  their 
basis  turned  towards  the  upper  surface  of  the  testis,  and  their  apical 
oriHcea  opening  upon  the  under-surface  of  the  testis,  livhich  thcyi 
make  uneven  by  their  tumid  margins.  The  spermatozoa  are  develope,d 
in  these  sacs,  which  permanently  represent  the  earliest  rudiments 
of  the  extremely  elongated  seminal  tubes  in  higher  animals  The 
parietes  of  the  seminal  sacs  are  prtlty  thicki  and,  perhaps^,  contractile. 

In  young  males  the  sperm -sacs  contain  numerous  cells  with  many- 
nuclei,  from  each  of  which  nuclei  a  spermatozoon  is  developed  j  and 
as  this  development  proceeds,  the  sperm-cell  presents  a  striated  cha- 
racter, and,  lastly,  a  fasciculus  of  spermatozoa.    These  have  an  enlarged  i 
end,  or  body,  and  a  filiform  nppendage,  so  fine  as  scarcely  to  be  seen  J 
save  by  its  undulatory  movements.     The  fasciculus  of  spermatozoa! 
does  not  exhibit  these  parts  in  the  same  degree  of  development  in  each] 
sperm-sac :  those  nearest  the  cervix  of  the  sac  arc  the  most  peifect.1 
The  tails  of  the  spermatozoa  are  always  directed  towards  the  opening! 
of  the  sperm-sac.     The  bundles  of  these  filaments  follow  each  other, 
and  often  the  apical  tails  of  one  bundle  are  infixed  in  the  central 
interspace  of  the  bodies  of  the  preceding  bundle,  and  a  chain  or  string 
of  bundles  are  thus  formed  which   are  easily  seen  by  a  moderate 
microscopic  power.     These  spermatozoa  are  very  lively  in  sea-water. 
In  order  to  observe  the  actual  ejaculatio  seminu,  cut  o^  a  piece  of  th^ 
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testis  from  m  fresh  mak  BMCBn,  p^MC  h  ca  &  'm^sA-r^Mat  wrih  tbc 
under  8iir£Me»  on  vbidi  iht  fper»-sftcs  <f<£i.  -zz-z^tTSMXL.  vb«i  xi 
the  Acakfpbe  is  in  th^  nn.  iIk  esoc^  cc  e=i»:o  ^4  xL^  Fpennat^'iBaA 
mmj  be  seen.     The  deTeJ<:f«K«i  of  iL*  iT«tr=:-»Il»  i*  !»«  al^^vs 

according  to  the  fire  of  tLe  aziajj:  th*j  L&Te  l«esi  fo^iid.  f^lh* 
formed,  in  medoa^s  one  inch  aid  iLr>£*r-qiurtc»  to  tlre«  iz>ches  bro*d, 
and  even  a  specimen  of  out  indL  in  diasiecer  L^  %tdvt  spawMCfXXA 
in  the  testes. 

The  colonred  frill  in  the  graTratiTe  ctl^  ::;es  forsis  in  the  female,  as 
in  the  male,  the  essential  gcoeratiTe  ajpcntufw     The  oTaHnm. like 
the  testis,  consists  of  a  band,  with  manj  fMs^  attached  to  the  septum 
dividing  the  generatire  from  the  digestive  cavities ;  it  has  a  proper 
peristaltic  motion ;  its  concaTe  border  is  beset  with  similar  tentacles 
which  are  extensile  and  flexible  in  all  directions,  are  armed  with 
many  articating  cells  and  are  beset  with  ribratile  cilia.     The  thin 
epithelium  on  the  under  surface  of  the  OTarium  is  here  and  there 
slightly  ciliated,  which  has  not  been  observed  in  the  testis.     The 
tissue  of  the  ovarium  is  looser  than  that  of  the  testis,  and  the  band 
has  more  the  appearance  of  a  flattened  tube ;  but  the  ovarium  is  not 
a  simple  folded  sac,  witii  an  oviducal  opening,  as  Ehrenberg  supposed. 
The  minutest  germs  of  the   ova  are  nearest   that   surface  of  the 
ovarium   which    is   attached  to   the   membranous  septum:    as  the 
gf^rminal  vediclts  acquire  their  vitelline  iuTCStment  they  approach  the 
opposite  or  free  surface,  from  which  the  mature  ova  protrude,  covered 
only  by  a  very  thin  membrane,  and  giving  a  coarse  granular  character 
to  that  part  of  the  ovarium.     The  germinal  vesicle  has  its  spot,  or 
nucleus;  the  surrounding  yolk,  as  it   accumulates,  becomes  violet 
coloured.     It  is  covered  by  an  extremely  delicate  membrane  with 
a  smooth  surface.     In  this  state  the  ova  are  transferred  from  the 
ovarium  to  the  marsupial  sacs  ;  but  how  they  get  there  is  not  known ; 
they  are  doubtless  impregnated  in  transitu.     In  the  marsupial  ova 
one   can  no  longer  discern  the  germinal  vesicle ;   it  has  combined 
with  the  matter  of  the  spermatozoa  and  become  diffused  through 
the  yolk.    The  primary  germ-cell,  developed  most  probably  as  in  the 
AscariSf  from  the  impregnated  nucleus  of  the  germinal  vesicle,  at- 
tracts the  whole  germ-yolk  about  it,  and  divides  it  progressively 
with  its  own  divisions.     The  first  division  of  the  yolk  resembles  the 
spontaneous  fission  of  some  infusorial  monads,  inasmuch  as  it  begins, 
not  at  every  part  of  the  circumference,  but  on  one  side  (Jig,  80.),  and 
proceeds  across  to  complete  the  bipartition  (Jig.  81.).     Subsequent 
subdivisions,  corresponding  with  those  of  the  ova  of  the  Ascaris 
(p.  113.)  are  described  and  figured  by  Siebold,  from  whose  memoir* 
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1  have  selected  the  successive  two-fold  (, fi(;.  SL),  rour-fold  (/<;. 
82,),  and  eight-fuld  (Jitj.  83.)  generation  of  germ-cella.  As  the  fis- 
sures become  more  numerousj  tliejr  take  a  diverging  or  radiating 
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course,  until  the  whole  surface  of  the  ovum  presents  a  granulated  cha- 
racter. And  now  the  ovum  loses  its  violet  colour  and  transparency  | 
and  becomes  a  dark  yellow;  it  is  covered  by  an  epithelium,  with 
traces  of  cilia;  these  increase,  aiid  at  length  cover  the  whole  surface, 
and  tiie  new  being  passes  from  tha  condition  of  an  ovum  to  that  of 
the  embryo  and  obeys  the  involuDtai7  moving  powers.  A  cavity  next 
begins  to  be  developed  in  the  centre  of  the  germ -cells,  which,  by 
continued  and  reiterated  division,  take  on  the  form  of  truncated 
pyramids,  converging  towards  tliat  centre  (,/fff.  84,). 

The  deep  yellow  ciliated  embryo  of  the  Medusa,  which  has  oow  a  | 
diameter  of  one  eighth  of  a  line,  exclianges  its  rounded  for  an  oval 
form.  It  gradually  elongates,  and  takes  on  a  leucophrys-Iike  form, 
being  half  a  line  to  one-third  of  a  line  in  length.  At  the  upper  end  is  a 
fossa,  which  does  not,  however,  communicate  with  the  centnd  cavity, 
and  is  not  a  mouth,  Tliis  stage  of  development  occupies  two  or  three 
days,  when  the  ciliated  monudiform  embryo  {Jig*  ^5.),  quits  the 
maternal  pouch,  and  swims  forth  :  the  qitows  indicate  the  direction  of 
the  ciliary  currents.  The  liberated  and  locomotive  larvae  sometimes 
re-enter  the  generative  cavity  and  get  entangled  between  the  folds  and 
tentacles  of  the  ovarium,  which  led  Ehrenberg  to  describe  them  as 
ovarian  ova  ;  hut  Siebold  observes,  that  if  they  were  produced  there  as 
gemmules  with  the  power  of  swimming,  the  marsupial  sacs*,  in  which 
they  actually  acquire  that  development,  might  have  been  dispensed  with. 

The  great  or  cephalic  end  next  becomes  shortened  and  thickened, 
and  a  depression  is  observed  in  its  centre,  which  is  the  commencement 
of  a  dige&tive  cavity;  then  the  margin  of  this  cavity  expands,  and  is 
developed  into  four  processes,  richly  furnished  with  vibratile  cilia 
{^fiff'  86.).  A  small  cavity  or  disc  for  adhesion  is  formed  at  the 
opposite  extremity  of  the  body,  and  thus  the  metamorphosis  from  the 
polygivstric  to  the  rotiferous  form  is  effected. 

The  young  Medusa,  having  swam  through  its  infusorial  stiiges, 
attaches  itself  to  some  firm  body,  preparatory  to  its  next  metfimor- 
phosis ;  during  which  the  yellow  colour  disappears ;  and  the  body 
becomes  subtransparent ;  it  also  manifests  a  much  more  general  irri- 
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tabilitj,  the  larra  sometimes  eloDgating,  scnnetimes  eontrftctiiig  itadf. 
Four  other  tuberdes  bod  out  in  the  interspaces  of  the  first  four,  and 
all  increase  in  length.  These  eight  arms  have  the  power  of  remark- 
ably ^<Hrtening  and  lengthening  themselves,  as  exemplified  bj  the  two 
oatUnes  of  the  same  polypoid  larva,  at  a  a  and  b  i^  fig.  83.     Their 

superficial  dHa  create  vor- 
tices in  the  surrounding  water, 
which  carry  the  nutritive 
molecules  to  the  mouth  of  the 
larva,  now  metamorphosed 
into  an  eight-armed  naked  and 
solitary  polype.  By  the  sub- 
sequent development  of  new 
arms  from  the  interspaces  of 
the  old  ones,  a  many-armed 
polype  results,  and  the  type  of 
the  hydra  is  exchanged  for  that 
L.rf«icjan«.  of  the  actiuia.    Thetentacula 

are  very  like  those  of  the  ovaria 
and  testis  in  the  adult  Medusas;  they  are  ciliated,  but  not  in  two  regular 
rows,  as  in  Flustra  and  AlcyoneUa.  They  contain  clear  corpuscles* 
or  thread-cells,  arranged  in  regular  bracelets,  like  the  tentacles  on  the 
margin  of  the  disc  of  fully  developed  medusae.  The  mouth  of  the  po- 
lypoid larvaB  is  very  contractile  and  expansible :  they  feed  on  infusoria 
and  on  their  infusory-like  younger  brethren,  one-half  of  the  body  of 
one  of  which  may  often  be  seen  hanging  out  of  the  devourer's  mouth* 
If  nourishment  be  abundant  the  larval  polype  propagates  by  gemma- 
tion {fig.  88.). 

Still  more  remarkable  to  Siebold  was  the  production  in  a  few  of 
these  larvse  of  lateral  branches  from  the  body,  of  a  great  lengthy  — 
in  one  case  three  such  stolones  were  developed.  These  branches  have 
continuations  of  the  digestive  cavity  in  them,  and  contract  and  elongate 
like  ordinary  arms.  If  these  were  irregularities^  and  the  ordinary 
metamorphoses  were  delayed,  it  was,  he  conceived,  through  the  in* 
fl  uence  of  captivity.  Siebold  also  thought  that  the  larval  medusae,  which 
in  autumn,  in  open  sea,  thus  change  to  fixed  polypes,  hardly  would  con- 
tinue in  that  state  through  the  winter,  but  about  the  beginning  of  the 
stormy  period  would  change  to  free-swimming  medusas,  and  settle 
down  to  tranquil  depths  of  ocean.  Sir  J.  G.  Dalyell,  however,  has 
determined  the  period  of  the  duration  of  the  polype  form  of  the  larval 
medusae  to  be  much  longer  than  Siebold  coi\jectured,  and  he  even 
succeeded  in  keeping  a  colony  of  these  larvae,  which  he  called  **  hydras 
tubae,**  for  six  years. 
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aroii.  Tkej  ww  dercbpcd  belore  the  ovn  qnlt  the  ovaria;  are 
Ifti^^fflt  on  Uie  tip|ier  wad  middle  (lart  of  the  arms,  while  at  tlie  under- 
noM  pftfl  onljr  small  and  usuaUy  empty  sacs  are  found,  I>o  they 
disappear  afWr  ilia  progenjr  U  developed  mid  the  breeding  season 
piist»  or  docs  itw  parvol  perisli  with  them  when  her  maternal  and 
nnlriclal  futictiooa  have  beeo  perf^rtuetl  ?  The  meinhrane  from  which 
the  lac^  are  ileTelop^  ia  heset  on  it$  free  edge,  both  in  males  and 
fiemalea,  with  numcfoiia  tentacles,  similar  to  those  found  in  the  gene- 
ral} v^e  or  ri  >  cavities.  Siebold  thinks  they  are  more  numerous 
in  the  mah'  iemule. 

Tho  sohdequent  me tnmorp hoses,  or  rather  metagenesea,  of  the 
Ur^ml  medasn  are  equally  extraordinary  with  those  above  described, 
which  the  obaenrations  of  Siebold  have  mainly  contributed  to  exjilain. 
Tho  cyclo  of  t!ii:*5c  changes  is  so  remarkable,  that  I  feel  hound  to 
submit  tlm  whole  body  of  evidence,  from  diflcrent  and  independent 
witneaaea,  by  which  the  phenomena  have  been  established  and  linked 
loj^elher. 

It  iji  now  aixty  years  since  Oiho  Fred.  Muller  first  described  and 
ilj?urt«d*  a  marine  Polype*  which,  from  ita  general  resemblance  to  tho 
ft't'sh* water  kind,  ho  cnllctl  Hydra  ffeiatinasa :  it  is  the  Hydra  tuba, 
^f  Dalyell,  or  a  larvul  Medusa  at  the  game  polypoid  stage. 

l*Vhchult^,  in  1820 1»  ^^^^^  described  a  small  roedusoid  nnimal 
WhbJi  lit^,  called  Kphym;  this  now  turns  out  to  be  the  penultimate 
•>«««  of  Cynnwa  nunta. 
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Sars,  in  1833,  discovered  a  gelatinous  Poljpe  differing  from  the 
Hydra  gelaiinosa  by  its  thicker  body,  slightly  marked  by  transverse 
rings;  believing  it  to  be  a  new  genus  of  Polype,  he  described 
it  under  the  name  of  Scyphistoma  {Jig.  89.).  In  the  same  year 
Sars  also  described  a  gelatinous  polypoid  animal,  differing  from  the 
above  in  the  deeper  annulation  of  its  thicker  body,  the  rings  of  which 
-developed  bifid  processes  {Jig.  90.)  ;  and  he  called  this  very  singular 
creature  SirobHa^  from  its  resemblance  to  an  artichoke.  He  finally 
saw  the  rings  or  segments  separate  from  one  another  (Jig,  91.)  and 
swim  off  as  little  medusaa  {^g.  92.).* 

At  the  meeting  of  the  British  Association,  at  Edinburgh,  in  1834, 
Sir  J.  G.  Dalyell  communicated  his  observations  on  a  marine  Hydra, 
which  he  had  called  Hydra  tuba,  or  the  trumpet-polypus;  he 
described  it  as  about  five  lines  long,  and  with  about  thirty  tentacula, 
stated  that  it  was  very  predacious,  would  gorge  young  actiniae,  and 
discharge  the  rejectamenta  again  by  the  mouth.  It  was  very  sensitive 
to  light,  contracting  and  retreating  from  it.  It  was  not  very  locomo- 
tive, and  propagated  by  complete  gemmation,  the  young  not  removing 
themselves  very  far  from  the  parent. 

In  his  later  workf,  published  in  1847,  Sir  J.  Dalyell  remarks, 
**  Hence  it  is  natural  to  assume  that  a  germ,  or  deposition  of  elemen- 
tary matter,  subsists  somewhere  in  the  flesh,"  and  that  "  generated 
within  as  a  compact  substance,  its  way  is  made,  by  a  regular  process, 
to  the  exterior,  where  it  becomes  visible  as  a  rising  prominence." 
And  at  page  89.  he  asks,  '^  Whether  the  budding  results  from  a  germ 
come  of  an  earlier  principle,**  which  shows  how  nearly  the  ingenious 
author  had  arrived,  by  independent  thought,  at  the  true  condition  of 
parthenogenesis.} 

Upon  the  whole,  Dalyell  has  given  us  the  best  history  of  this 
polype  stage  of  the  Medusa,  of  its  longevity,  of  its  powers  of  propaga- 
tion by  gemmation,  and  also  its  powers  of  repairing  injury.  To  give 
an  idea  of  the  reproducing  force  in  the  Hydra  tuba :  on  April  23rd 
an  adult  was  detached  from  its  site  and  insulated ;  in  four  days  a  spur 
or  bud  had  issued  from  one  side  of  the  base,  and  a  large  protuberance 
with  a  row  of  papillae,  an  originating  embryo,  was  rising  from  the  other. 
On  the  2nd  of  May  these  papillae  had  elongated  into  perfect  tentacula, 
like  those  of  the  adults.  Another  protuberance  on  the  opposite  side 
of  the  parent  was  now  visible,  which  gradually  matured  into  a  young 
hydra,  and  began  to  feed  on  the  17th.  On  the  30th  of  May  separa- 
tion had  token  place  ;  four  individuals  were  to  be  observed,  and  one 
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was  in  the  progress  of  ileveloping  two  others.  Dalyell  obtained  from 
thew  ;&  cwicu V  oi'  tiiiLt  UtxA  ••  hvdrae  tuba?."  These  were  extremely 
vor^*Lous :  thej  wen*  ted  with  the  desh  of  mussels ;  and  in  proportion 
as  they  were  ted  w;i;s  their  power  of  converting  their  food  into  crea- 
turv$  like  themselve^w  By  July  2l9t  fifteen  hydne  were  propagated, 
and  ultimately  a  colony  of  eighty-three  were  obtained  from  the 
individual  insulated  on  the  23rd  of  April.  It  would  seem  that  con- 
dnenient  tended  to  check  the  metamorphosis  into  the  '^  oviparous 
fornk"*  and  favoured  the  gemmation  of  the  polype  individuals,  or  the 
"^  typical  form.*  At  length*  however,  in  the  spring  of  a  subsequent 
year  he  observed  the  phenomena  which  he  thus  describes,  in  the 
•*  Edinburgh  nulosophical  Journal"  for  1836  :  — 

**1  kept  a  colony  of  these  animals  and  their  descendants  during  six 
yettr» ;  numbers  attained  maturity ;  they  fed  rapaciously  ;  grew  and 
br«d,  »uccetHling  at  all  seasons  of  the  year.  But,  in  February  and 
Maivlu  the  face  or  disc  of  some  hydne  is  invested  by  a  pendulous 
flexible  prolongation  of  an  inverted  conical  form,  obliterating  the 
tentaoula  entirely.  The  apex  being  connected  with  the  disc,  this 
pendulous  mass  extends  two  or  three  lines  in  the  course  of  time,  and 
is  gradually  developed  in  twenty  or  thirty  successive  strata,  gradually 
broaderiug  outwards.  When  more  mature,  the  vehement  clasping  of 
extending  arms  at  the  extremity  denotes  that  each  stratum  is  an 
animated  being,  which,  af^er  excessive  struggling,  is  liberated,  to 
swim  at  large  in  the  water.  This  also  may  be  associated  with  the 
uu\lus;iri;e.  It  is  wnsivlorably  larger  than  the  preceding,  two  lines  in 
diauu'tor :  of  a  whitish  colour,  tending  to  transparence.  The  body 
rv'soiubU'S  a  tlattontd  watoh  glass:  the  margin  dilating  into  from 
rive  to  twolve  horizontal,  brv>avl.  liattonod  lobes,  each  cleft  half  way 
dv»wa  tUo  midvllo,  and  with  a  black  glandular-looking  speck  in  the 
vvntro  of  the  fork.  A  or\*st,  resembling  a  quadrangular  clustered 
column,  visv'*  tKun  the  wnvex  surtace  of  the  biHly,  and  four  organs 
iiuiv  :iv»i«o limes  Iv  olv<^*rvcd  on  the  same  surface  near  its  base. 
Mv^tioa  is  av\vmplisl;t\l  in  jerks  or  leaps.  s<miewhat  as  by  the  Medusa; 
pr\»|H'r,  tWm  jvrettssiou  of  the  lol>es  on  the  water,  the  crest  being 
downwards.  ^Vheiher  the  (vndulous  mass  or  its  individual  parts  be 
contained  in  one  ivuuuon  involucruuu  or  in  many  specitic  integu- 
ments, is  unv^.'rtaiu;  but  each  of  the  animals  composing  it  comes 
nuoivsj^ively  to  maturity  and  de^virts.  As  the  pendulous  prominence 
di^apiHMirs,  the  vigour  of  the  hydra  is  restored,  and  the  tentacula, 
hh«'nitetl  of  the  encumbrance,  ellVvting  temjHirary  obliteration,  resume 
Ihnir  nnturnl  torm  and  functions.  Weeks  elapse  in  the  course  of  this 
)iiiM«o«ft,  nnd  during  survivance  of  the  animals.''  So  that  here  the 
iili'iiM'VMilnnM   by  Sars,   of  his    Scyphistoma   (1S33),  illustrated  by 
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those  of  Dal  jell  (1836),  established  a  series  of  metamorphoses  carried 
on  from  the  Hydra  gelatinosa  or  Hydra  tuba^  to  the  medusa  state. 
Oar  next  question,  at  that  date,  would  have  been ; — What  does  this 
Hydra  tuba  come  from  ?  For  this  part  of  the  history  of  the  Medusa, 
we  are  indebted  to  Prof.  Siebold  (1838^  who  traces  the  development 
of  the  ova  of  the  Medusa  {Cyanaa  auritd)  to  the  Hydra  tuba,  as  has 
been  already  detailed ;  during  which,  as  in  Campanuiaria^  a  ciliated 
monadiform  planula  precedes  the  polype  stage;  and  thus  the  two 
detached  series  of  links  are  united  into  one  harmonious  metagenetic 
cyde. 

Confirmation  by  different  observers  is  not  wanting.  The  accurate 
Sars,  pursuing  his  researches,  followed  out,  independently,  the  whole 
series  of  changes  of  tlie  ova  of  the  Medusa,  from  the  infusorial  to  the 
polype-type,  thence  to  the  scyphistoma  and  strobila ;  finally  to  the 
budding  forth  of  the  flattened  segments^  and  the  splitting  up  into  a 
pile  of  Medusffi.  The  details,  with  figures,  were  published  in  1841.* 
But  Daly  ell  has  shown  us  that  the  polype  larva  may  have  propagated 
hundreds  of  hydrae,  before  it  issues  into  the  pile  of  Medusae.  The 
sea  which  washes  our  coasts  is  sometimes  covered  by  millions  of 
these  little  Medusa;.  Dalyell  narrates,  in  his  beautiful  work,  that 
one  summer  having  selected  a  specimen  of  a  Medusa  of  the  genus 
Chrysaora,  he  kept  it  alive  in  a  capacious  jar  of  sea-water  for  a  few 
days.  On  removing  it  from  the  jar  in  which  it  had  been  placed,  he 
found  that  a  quantity  of  brownish  matter,  like  dust,  remained  at  the 
bottom.  Subjected  to  the  microscope  this  proved  to  be  a  host  of 
animated  creatures  in  quick  and  varied  motion ;  each  was  of  an  oval 
form,  ciliated,  actively  moving,  like  the  planulae.  Some  of  these, 
after  a  period  of  ten  or  twelve  days,  become  developed  into  stationary 
hydraB.f 

Such  is  the  nature  of  the  full  and  satisfactory  evidence  on  which 
the  main  facts  of  the  generation  of  the  Medusa)  are  established.  In 
comparing  different  stages  of  the  very  interesting  development  of 
the  Cyancea  aurita  to  Infusories  and  Polypes,  it  must  be  under- 
stood that  such  comparisons  are  warranted  only  by  a  similarity  of 
optward  form  and  of  the  instruments  of  locomotion  and  prehension. 
The  essential  internal  organisation  of  the  persistent  lower  forms  of 
the  Zoophyta  is  wanting  in  the  transitory  states  of  the  higher  ones. 
A  progress  through  the  inferior  groups  is  sketched  out,  but  no 
actual  transmutation  of  species  is  effected.  The  young  Medusa, 
before  it  attains  its  destined  condition  of  maturity,  successively  re- 
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semblod,  but  never  becomes,  a  Polygastrian,  a  Hotifer,  a  Hydrozoon 

and  an  Anthozoon. 

The  Cyanma  atirila  39,  however,  but  the  representatlvo  of  one 
of  the  three  leading  divisions  of  the  remarkable  animals  groiipt^d 
together  under  the  name  of  Acahphtc.  With  regard  to  the  develop- 
ment of  the  ciliograde  and  physograde  species,  scarcely  anytbiug 
connected  or  precise  is  at  present  known.  The  Medical  Officer 
who  may  be  destined  for  foreign  service,  and  to  whom  the  stud/ 
of  Nature  offers  any  charm,  could  hardly  contribute  observations 
more  valuable  to  natural  history  than  such  as  he  might  be  able  to 
make  on  the  generation  and  development  of  the  Pelagic  Acalephae. 

Summary  of  the  Orders  and  Families  of  the 

Class  ACALEPHiE. 
Free  swimming  marine  animals  of  a  gelatinous  or  membranous 
tissue  with  thread -eel  la.  Digestive  cavities  or  canals  adherent 
to  the  surrounding  tissues,  and  communicating  with  a  more  or  less 
ramified  chylaqueous  systera.  Most  are  dioecious,  and  pass  by 
metagenesis  through  the  forms  of  the  monad  and  the  polype,  before 
acquiring  the  sexual  acalephoid  character. 

Order  PULMOGRADA.     (MedusjB.) 
Body    discoid,  with  a  marginal    velum,  and    a   central   inferior 
mouth,    usually  prolonged   into  a  more  or  less  complex  proboscis. 
Locomotion  by  rythmical  coutractions  of  the  disc.     Sexes  distinct. 
Suborder  GiiofOPHTaALMATA,     (Bare-eyed  Medusae.) 
Cjf/sHcleji  unprotected  :   ChylaqueouK  canah  simple,  or^  if  ramified, 
not  anastoraotit!,     Gemmiparoua.     (Some  are  probably  larva?.) 


Families  Saksimdm. 


GEHYONiiDM. 


ClBCEIDJS, 


jEQVOaEiDJS, 


Cbylaqueous  canals  simple,  four:  ovaries 
in  the  substance  of  the  proboscis. 
Genera:  Sarsia,  Eitphysa^  Steen- 
sirup  ia, 

Chylaqueous  canals  simple,  four:  ovaries 
beneath  the  disc  Genera  Gert/onia, 
Thaumantias^  Slabberia, 

Chylaqueous  canals  simple,  eight: 
ovaries  eight,  beneath  the  disc. 
Genus  Circe, 

Chylaqueous  canals  simple,  eight  or 
more:  ovaries  linear  on  the  course 
of  the  canals  beneath  the  disc- 
Genera  Pbtyxenia^  Stomotrachiuw^ 
jEgtwria,  Phorcunia, 
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jb^amilies  OcEAmDM.  Cbjlaqueous    canals    simple:    ovaries 

convoluted,  and  lining  the  peduncu- 
lated  stomach.      Genera    Oceanea, 
SapkeniOy  Turris,  Cytaeis, 
WiLLsiiDJE.  Chjlaqueous  canals  branched.     Genus 

WUUia  *y  BereniXf  Orythia. 
Sub-order  Stegakophthalmata.     (Clothed-eyed  Medusae.) 
Cysticles  protected  by  complicated  coverings:  Chylaqueous  canals 
canals  branched  and  anastomotic     No  gemmation. 
Families  Rhizostomatidjb.     Mouths  numerous  on  the  branches  and 

borders  of  a  ramified  proboscis.  Chy- 
laqueous canals  without  outlets.  Ge- 
nera RhizostamOf  Cephea,  Cassio- 
p<Ba. 
MoNosTOMATiDJE.  Mouth  singlc  :  Chylaqueous  canals,  (in 
some)  with  distinct  outlets.  Genera 
PhaceUophora^  CyafusOy  Pelayia, 
Chrysaora,  AureUa, 

Order  CILIOGRADA. 
Body  spheroidal,  oblong,  or  lobated,  rarely  lamelliform.     Locomo- 
tion by  longitudinal  bands  of  cilia.     Sexes,  in  some,  combined. 


Families  Beroidjb, 


Mnemeidm. 


Callianiridm. 
Cestidje, 


Genera  Beroe\  Lesueuna^  Meciea,  Cy- 

dippey  Pleurobrachia. 
Genera    Mnemiay    Eucharis,    JanirOy 

AlcinoCf  Bolena, 
Genera  CaUianira. 
Genera  Ocyroe,  Cesium. 


Order  PHYSOGRADA. 


Body,  floated  by  air-cells.     Locomotion  by  parts  exposed  to  and 
acted  upon  by  the  winds.     Nutrition  by  numerous  suctorial  tubes. 

Genera  Diphyes,  Ersaa. 
Genera  Physophoray  Stephanomia, 
Genera  Physalia. 
Grenera  Velella,  Rataria,  Porpittu 


Families  Diphyidje. 

PlIYSOPHORID/B, 

Physalidm, 
Velellid^e. 
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ECHIKODERMATA.  * 

The  soft  and  gelatinous  Radiaries  have  often  baffled  the  anatomist 
by  the  seeming  Bimplicity  and  uniformity  of  their  texture ;  the 
harder,  spine-clai  or  Echiuoderraal  species,  perplex  the  most  patient 
and  persevering  dJBsector  by  the  extreme  complexity  and  diversity  of 
their  constituent  parts. 

This  class  of  animals,  the  organisation  of  which  will  be  explained 
in  the  present  Lecture,  includes  species  in  which  the  form  is  most 
strictly  or  typically  radiate  :  in  it,  also,  the  Zooph^ta  of  Cuvier 
attain  their  highest  conditions  of  organisation.  AVith  a  radiated 
filamentary  system  of  nerves  is  combined  not  only  a  distinct  ab- 
dominal cavity  with  on  alimentary  canal  suspended  therein  by  a 
vascular  mesentery,  and  having  a  distinct  anal  outlet,  but  there  are 
distinct  vascular  and  chylaqueous  systems  together  with  a  large 
and  well-defined  respiratory  organ.  This  organ,  however,  may 
be  regarded  as  the  exceptional  condition  of  the  radiated  type  of 
structure^  and  m  found  only  in  the  highest  and  aberrant  forms  of  the 
present  class,  which  indicate  the  transition  from  the  Echinoderms 
to  the  Annelides.  At  the  opposite  extreme  of  the  class,  the  digestive 
sac  {Jl(f^  93,  a),  though  suspended  freely  in  an  abdominal  cavity,  has 
yet  but  one  aperture  common  to  the  reception  of  food  and  tlie 
ejection  of  excrement.  These  anenterous  Echinoderms  ( Ophiuridm^ 
Lukiea^  Asierias  proper,  Astropecten^)  belong  to  the  order  Aster oidea^, 
in  which  the  radiated  form  is  most  complete  and  general,  whence  the 
species  have  received  the  common  appellation  of  *' star-iishes,"  and 
**  sea-stars,** 

The  almost  extinct  order  Crinoidea,  in  which  the  radiated  body  is 
supported  on  a  joijited  and  rooted  stem>  is  connected  with  the  order 
Asteroidea  by  the  geniis  Comaiula^  which  in  its  last  stage  becomes 
free. 

In  certain  starfishes  {Asteroidea)  we  trace  a  shortening,  flattening, 
and  expansion  of  the  rays,  until  the  body  assumes  a  pentangular 
discoid  form. 

In  the  next  order  (Eckinoidea\  the  angles  disappear,  and  the  disc 
expands  until  a  spheroid  or  globular  form  is  obtained,  which  cbarac- 

•  §xt¥of  A  licdge-bogj  8f/>^  skin. 

f  8c«  the  "  Siimmnry  "  at  the  conclufiioij  of  the  Lectare,  (vr  the  diAracters  of  L]jii» 
and  other  orders  of  the  daai. 
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\  the  Ecfainoderms 
bj  the  Greeks. 


eomraonlj  cftlled  "  Scft-iircliia%*aiid  JEdUaot 


AsterUs. 

The  Echinodcrms  of  the  order  Ifoiothurundea  tobj  be  described  as 
being  constituted  bj  a  softening  of  the  calcareous  skin  of  the  spheroidal 
species,  and  by  the  reduction  of  the  earthy  matter  to  a  greater  or 
less  number  of  reticulate  calcareous  corpuscles,  the  globe  being  then 
drawn  out  by  the  two  opposite  poles  into  an  elongated  cylindrical 
form.  These  vermiform  Echinoderms  seem  to  lead,  by  the  concluding 
order  Sipunculoidea,  to  the  true  worms,  which  stand  on  the  lowest 
step  of  the  Articulate  division  of  the  Animal  Kingdom. 

The  name  Echinodermata  has  been  applied  to  these  diversified 
forms  of  the  higher  organised  Zoophytes  of  Cuvier,  because  in  many 
of  the  species  the  integument  is  defended  by  spines  :  they,  however, 
possess,  and  are  associated  together  by,  another  and  more  general 
tegumentary  character  ;  the  skin  is  perforated  in  most  of  the  species 
by  minute  foramina,  through  which  a  multitude  of  small  tubes  or 
hollow  suctorial  tentacles  ('  tube-feet')  can  be  protruded  and  retracted, 
and  these  constitute  the  common  organs  of  adhesion  and  locomotion 
in  the  Echinoderms. 
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In  the  aberrant  Sipunculoidea  the  tube-feet  nrc  wanting,  togettier^ 
with   the  calcareous  corpuaclesi,  the  worm  like  form   and  aniiulalion 
of  the  integument  are  more  decided,  but  the  chylaqiieous  fluid  con-  I 
tinues  to  be  agitated  in  tlie  abdominal  cavity  by  the  cilia  of  the  lining 
membrane* 

Before  commencing  the  demonstration  of  the  anatomy  of  tlie 
Asteroidea^  I  may  point  out  the  chief  characters  of  the  allied  order 
Cnm^idea,  in  which  the  radiated  disc  is  fixed  by  a  long  jointed 
calcareous  stem  to  some  foreign  body,  aa  they  are  shown  in  the 
existing  fipecies,  called  PefUacrinus  Capui-Jfedusce,  the  type  of  a 
Tery  numerous  asdemblage  of  analogous  pedunculated  star-fishes,  ] 
which  existed  in  countless  myriads  during  some  of  the  ancient  ' 
(secondary)  periods  of  geolorry.  Those  species  in  which  the  stem  is 
drrigerous  and  pentagonal,  as  in  the  recent  form,  are  called  "  Penta- 
crinites:"  those  in  which  it  i.i  rounded,  and  seems  to  have  been 
devoid  of  cirri,  are  called  **Encrinite8,**  Both  kinds  have  received 
the  common  name  of  **  stone-lilies."  Tht-Ir  remains  sometimes  con- 
stitute extensive  tracts  of  marble-limestone.  Tlie  Melocrines  are 
more  especially  the  crinoid  prototypes  of  the  Sieliendtp. 

The  stem  of  a  stone-lily  is  composed  of  numerous  joints  or  segments 
having  a  central  aperture,  which,  when  separated,  are  called  "wheel- 
StoneSy**  or  **entrochi:"  casts  of  their  c^ivity  remaining  after  the 
calcareous  wall  have  been  dissolved  away  constitute  the  "  screw- 
ctones*'  of  the  Derbyshire  chert,  and  other  transition  limestone*. 
The  jointed  column  supports  at  its  summit  a  series  of  plates  forming 
a  cup- like  bwly,  containing  the  viscera,  and  from  the  margin  of  the 
cup  proceed  live  jointed  arms,  which  radiate  and  divide  into  delicate 
Icntaculo.  The  upper  side  of  the  arms  support  numerous  short 
jointed  cirri  or  pinnules.  Groups  of  five  long  and  slender  cirri 
radiate  at  nearly  rquidislant  points  from  the  etem  of  the  recent 
spocicd  of  Pcnlacrinus.  Both  the  arms  and  pinnules  are  grooved 
along  their  ventral  side,  which  groove  is  bridged  over  by  a  membrane 
culled  "perisomc/' 

The  form  of  star-fish  to  which  the  radiated  capital  of  the  criooideal 
cclamn  bears  most  resemblance  h  that  which  is  presented  by  the 
species  of  Camatuia^  the  ova  of  which  have  been  discovered  by  Dr. 
V.  Thom|>son*  to  pass  through  a  peduncnlated  pcntacrinite  stale, 
before  their  final  metamorphosis  into  a  free  star*fish.  In  tlie  can- 
ditkin  of  their  digestive  system  the  Pentaerinites  and  Comatub^ 
con^sspond  with  the  futtcrtnl  Bryo«oa  among  the  polypc«s-  The  free 
ComaiuU  is  a  step  in  adfimce^  and  manifests  its  affinitj  to  the 
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Section  of  ray  of  Astcrias  rubcni,  showing  arrangement  of 
calcareous  pieces. 


gelatinous  Radiaria  by  its  mode  of  swimming :  the  movements  of 
its  pinnate  arms  exactly  resemble  the  alternating  stroke  given  by  the 
Medusa  to  the  liquid  element,  and  with  the  same  effect  of  raising  the 
animal  from  the  bottom,  and  propelling  it  back  foremost. 

The  rays  of  the  ordinary  star-fishes  are  not  cirrigerous  or  bifur- 
cated :  their  soft  ex- 
ternal integument  is 
supported  by  a  tough 
coriaceous  membrane, 
strengthened  by  calca- 
reous matter  {fig-  94. )» 
disposed  in  a  coarsely 
reticulate  form  upon  the 
dorsal  and  lateral  as- 
pects of  the  radiated 
body,  and  arranged  in 
series  of  more  compact  and  regularly-formed  transverse  pieces,  a,  hy 
which  bound  each  side  of  a  longitudinal  furrow,  extending  along  the 
under  surface  of  each  ray  from  its  attached  to  its  free  extremity. 
The  sides  of  this  groove  are  perforated  by  alternating  rows  of  minute 
fissures,  and  external  to  these  are  situated  the  largest  and  most 
numerous  spines. 

The  tube-feet  are  protruded,  in  two  {Ast,  aurantiaca)  or  four  {Ast, 
rubensj  fig.  95  c,  c)  rows,  through  the  marginal  pores  of  the  furrows, 
which  are  termed  "  ambulacra."  Thepe  tube-feet  have  muscular  pa- 
rietes,  and  they  communicate  with  internal  vesicles,  d,  d,  full  of  fluid, 
which  form,  in  fact,  the  bases  of  the  feet.  By  the  contraction  of  the 
parietes  of  the  vesicle  the  fluid  is  injected  into  the  tube- foot,  c,  c,  and 
protrudes  and  extends  it :  when  the  muscular  parietes  of  the  tube-foot 
contract,  the  fluid  is  returned  into  the  sac,  and  the  tube-foot  is  short- 
ened and  retracted.  The  basal  vesicles  are  in  communication  with, 
and  are  supplied  by,  a  system  of  vessels,  t,  small  brown  sacs,  iw,  and 
larger  pendent  pyriform  sacculi,  which  are  lodged  in  the  central  disc 
or  body  of  the  star-fish,  and  surround  the  oral  aperture,  a. 

There  arc  other  kinds  of  soft  contractile  appendages  to  the  integu- 
ment, some  tufted,  others  of  simple  form  ;  but  the  tube-feet  just  de- 
scribed are  the  most  important  organs  for  prehension  and  locomotion. 
The  tegumentary  processes  called  "  pedicellaria),"  which  resemble 
miniature  pincers,  will  be  more  particularly  described  in  connection 
with  the  skeleton  of  the  Echinus.  In  the  star-fishes  they  are  of  the 
kind  called  PedicellaricB  forcipattB  and  PedicellaruB  valvulattF, 

Various  are  the  forms  of  the  calcareous  parts  which  strengthen  and 
defend  the  skin  of  the  star- fishes ;  but  in  all  the  echinoderms  in  which 
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t1it>  Imrtlening  earth  is  present,  its  ultimate  arrangement  U  a  fin^ 
network,    the    microscopic    meshes   or   areolas   being   more   or  le 
circular. 

In  the  genera  OreaHer  and  Cidcita  the  whole  surface  is  l»eset  with 
tuberclfiA  and  granules.  In  Astcropecten  and  Sielltuier  there 
moveable  flat  spines  and  marginal  platea*  In  SolasUr  and  CftcEtaste 
there  are  innumerable  spines,  the  sunimits  of  which  aru  beset  wilb 
seCaru  The  sides  of  the  arms  in  Ophiacoma  and  Ophiamastix  are 
ddend*'d  by  smooth  spines;  in  Opftior/irix  hy  bristled  spines.  In 
OphiouyjL.  ther«  are  moveable  double  hooks  beneath  the  bristled  spines. 

The  ultimate  muscular  fibres  in  the  Asteroids  are  smooth.  The 
joints  of  the  arms  and  pinnules  of  the  Cnnoids  and  Comatules  ar€| 
moved  hy  a  pair  of  small  muscles  on  their  ventral  aspect,  antagonise 
by  clastic  bands.  The  spaces  between  the  joints  of  the  skeleton 
the  Asteroids  are  occupied  l>y  muscular  fibres,  which  are  antagonised 
by  X\w  general  elasticity  of  the  integument.  In  the  Crinoids  thfl 
margins  of  tlm  ventral  grooves  extending  from  the  mouth  along  Uii 
ioft  pcrlsomc  are  beset  with  very  delir^te  cylindrical  muscular  feeti 
and  Hits  surface  of  each  foot  is  beset  witii  small  clavate  tentacules. 
In  the  Ophiurid^  at  the  ftides  of  the  arms  tijcre  are  poriferous  plates, 
out  of  whicli  protrude  cylindrical  obtuse  feet,  covered  by  a  quantity  of 
warl-like  protuberances.  In  this  family  the  rays  are  extremelj 
attenuated  an^l  elongated*  and  have  no  ambiilacral  grooves :  nor  t^ 
thi^  con»plieated  mechanism  of  the  ambulacral  feet  in  the  ordinarj 
star-llsljes  hero  needed,  for  the  ftexilo  and  spinous  rays  can  twL 
roun*l  and  sei/.*^  other  objects  so  us  to  perform  directly  the  offices 
preht'nsion  and  locomotion.  The  facility  with  which  nn  Ophiura  i 
Luidia  casts  off  a  ray  which  may  be  touched,  and  even  all  the  raya^l 
leaving  only  it*  central  disc,  when  it  is  seized,  is  very  surprising ;  it  is 
connetiucntly  very  diflicull  to  preservo  specimens  of  these  genera 
fntirtt.  To  do  this  it  is  recommended  to  plunge  them  suddenly 
into  fresh  water,  when  tliey  instantly  die  in  a  state  of  the  most  rigid 
i^tensiun* 

AceonHng  to  Muller  thcrti  extends  along  the  tentacular  groove  of 
the  perl^ome  on  tlu)  ventral  side  of  the  body  of  the  Crinoids  a  nervous 
ehoni,  wliieh  forms  a  slight  enlargement  at  the  base  of  each  pinnule*  to 
wliieh  a  fdament  \il  went,  lu  the  Ophiurida  the  nervous  chords  are 
lodj^cd  in  a  cuiui)  protect<$d  by  the  ventral  plates  of  the  arms.  The 
•ol\  labial  membranes,  teutaolos,  and  tubular  feet  seem  adapted  to  a 
•  I  Uon  of  impro5Rionji ;  and  so  far  as  these  may  be  felt  by 

<i  li,  and  cauBO  voluntary  movements,  such  parts  maybe 

ritgHiihnl  H«  organs  of  touch.     The  nervous  system  of  the  Asterias 
(p  14*1  y^t  4.)  coiisistt  of  a  slender  white  chord  surrounding  the 


ML 


F.CIIIXODERMATA. 


l9o 


moutli  (ff)  inimediatdy  exterior  to   the  cireuhir  cl*)'laqueous  vessel ; 
from  tlii3  iiervou3  ring  tUree  delicate  filameDts  are  sent  oJV  opposite 
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SMtloii  of  AAterACAn^hion  rubcn^,  *howtflg  Ihe  luUtilar  feet- 

the  base  of  each  ray  :  the  lateral  filaments  enter  the  discoid  body : 
the  middle  one  is  continued  along  the  ambulacral  groove^  and  swells, 
according  to  Eli ren berg,  into  a  small  terminal  ganglion,  immediately 
behind  that  bright- coloured  speck  at  the  extremity  of  the  ray  which 
the  aame  ncute  obsertrer  regards  as  a  rudimeiUal  organ  of  yision  (Z>). 

This  pigmental  organ  manifests  itself  at  the  earliest  appearance  of 
the  arms,  when  they  form  five  marginal  kibes  of  the  discoid  body  of 
the  young  star-fish,  and  give  it  the  pentagonal  form  which  is  retained 
throughout  life  in  the  A*  discoidea,^ 

It  is  ol(jecto<l  by  the  laborious  8iebold  that  no  dioptric  apparatus 
(keine  deutliche  iichtbrechende  Korper)  is  connected  with  the  pig- 
ment-speck ;  nor  has  any  better  reason  been  given  for  the  visual 
function  of  that  speck  than  its  relation  to  a  subjacent  mass  of  nervous 
matter,  the  analogy  of  the  accumulation  of  pigmental  matter  in  the 
choroid  of  true  eyesi  the  position  of  the  pigment-specks  at  the  fore- 
part of  the  body  in  Rotifers,  Planarifle,  Borlasia),  Leeches,  &c,,  and  the 
obvious  proof  that  sych  simple  pigment- speck  must  absorb  those  rays 
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was  in  the  progress  of  develop! og  two  otheJ's*  Dalyell  obtained  from 
these  a  colony  of  eight  hirval  "  hydras  tubfe."  These  were  extremely 
voracious ;  they  were  fed  with  the  flesh  of  mussels ;  and  in  proportion 
as  they  were  Jed  was  their  power  of  converting  their  food  into  crea- 
tures like  themselves.  By  July  21st  fifteen  bydrae  were  propagated, 
and  ultimately  a  colony  of  eighty-three  were  obtained  from  the 
individual  insulated  on  the  23rd  of  April*  It  would  seem  that  con- 
finement tended  to  check  the  metamorphosis  into  the  **  oviporoua 
form/*  and  favoured  the  gemmation  of  the  polype  individuals,  or  the 
**  typical  form,"  At  lengthy  however,  in  the  spring  of  a  subsequent 
year  he  observed  the  phenomena  which  he  thus  describes,  in  the 
*•  Edinburgh  rhilosopbicid  JournaP  for  1836  :  — 

**Ikept  a  colony  of  these  animals  and  their  descendants  during  six 
years  ;  numbers  attained  maturity ;  they  fed  rapaciously  ;  grew  and 
bred,  succeeding  at  all  seasons  of  the  year.  But,  in  February  and 
March,  the  face  or  disc  of  some  hydraa  is  invented  by  a  pendulous 
flexible  prolongation  of  an  inverted  conical  form,  obliterating  the 
tentacula  entirely*  The  apex  being  connected  with  the  disc,  this 
pendulous  mass  extends  two  or  three  lines  in  the  conrse  of  time,  and 
is  gradually  developed  in  twfenty  or  thirty  successive  strata^  gradually 
broadering  outwards.  When  more  mature,  the  vehement  clasping  of 
extending  arms  at  the  extremity  denotes  that  each  stratum  is  on 
animated  being*  which,  after  excessive  struggling,  is  liberated,  to 
swim  at  large  in  the  water*  This  also  may  be  associated  with  the 
medusariai.  It  is  considerably  larger  than  the  preceding,  two  lines  in 
di« meter :  of  a  whitish  colour,  tending  to  transparence.  The  body 
resembles  a  flattened  watch  glass;  the  margin  dilating  into  from 
^ve  to  twelve  horizontal,  broad,  flattened  lubes,  each  cleft  half  way 
down  the  middle,  and  with  a  black  glandular-looking  speck  in  the 
centre  of  the  fork.  A  crest,  resembling  a  quadrangular  clustered 
column,  rises  from  the  convex  surface  of  the  body,  and  four  organs 
may  sometimes  be  observed  on  the  same  surface  near  its  baae. 
Motion  is  accomplished  in  jerks  or  leaps,  somewhat  as  by  the  MedusiB 
proper,  from  percussion  of  the  lobes  on  the  water,  the  crest  being 
downwards*  Whether  tlie  pendulous  mass  or  its  individual  parts  be 
contained  in  one  common  involocrum,  or  in  many  specific  integu- 
ments, is  uncertain;  but  each  of  the  animals  composing  it  comes 
successively  to  maturity  and  departs.  As  the  pendulous  prominence 
disappears,  the  vigour  of  the  hydra  is  restored,  and  the  tentacula, 
liberated  of  the  encumbrance,  etfecting  temporary  obliteration,  resume 
their  natural  form  and  functions.  We^ks  elapse  in  the  course  of  this 
process,  and  during  survivance  of  the  animals*''  So  that  here  the 
observations  by  Sars,   of  his    Sct/ithifttoma    (1833),  illustrated  by 
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those  of  Daljell  (1836),  established  a  series  of  metamorphoses  carried 
on  from  the  Hydra  gelatinosa  or  Hydra  tuba,  to  the  medusa  state. 
Oar  next  question,  at  that  date,  would  have  been ; — ^What  does  this 
Hydra  tuba  come  from  ?  For  this  part  of  the  history  of  the  Medusa, 
we  are  indebted  to  Prof.  Siebold  (1838),  who  traces  the  development 
of  the  ova  of  the  Medusa  (  Cyanaa  auriia)  to  the  Hydra  tuba,  as  has 
been  already  detailed ;  during  which,  as  in  CampanulariOy  a  ciliated 
monadiform  planula  precedes  the  polype  stage ;  and  thus  the  two 
detached  series  of  links  are  united  into  one  harmonious  metagenetic 
cycle. 

Confirmation  by  different  observers  is  not  wanting.  The  accurate 
Sars,  pursuing  his  researches,  followed  out,  independently,  the  whole 
series  of  changes  of  the  ova  of  the  Medusa,  from  the  infusorial  to  the 
poljpe-type,  thence  to  the  scyphistoma  and  strobila ;  finally  to  the 
budding  forth  of  the  flattened  segments^  and  the  splitting  up  into  a 
pile  of  Medus£e.  The  details,  with  figures,  were  published  in  1841.* 
But  Dalyell  has  shown  us  that  the  polype  larva  may  have  propagated 
hundreds  of  hydrse,  before  it  issues  into  the  pile  of  Medusae.  The 
sea  which  washes  our  coasts  is  sometimes  covered  by  millions  of 
these  little  Medusas.  Dalyell  narrates,  in  his  beautiful  work,  that 
one  summer  having  selected  a  specimen  of  a  Medusa  of  the  genus 
Chrysaora,  he  kept  it  alive  in  a  capacious  jar  of  sea-water  for  a  few 
days.  On  removing  it  from  the  jar  in  which  it  had  been  placed,  he 
found  that  a  quantity  of  brownish  matter,  like  dust,  remained  at  the 
bottom.  Subjected  to  the  microscope  this  proved  to  be  a  host  of 
animated  creatures  in  quick  and  varied  motion ;  each  was  of  an  oval 
form,  ciliated,  actively  moving,  like  the  planulse.  Some  of  these, 
after  a  period  of  ten  or  twelve  days,  become  developed  into  stationary 
hydras,  f 

Such  is  the  nature  of  the  full  and  satisfactory  evidence  on  which 
the  main  facts  of  the  generation  of  the  Medusse  are  established.  In 
comparing  different  stages  of  the  very  interesting  development  of 
the  Cyancea  aurita  to  Infusories  and  Polypes,  it  must  be  under- 
stood that  such  comparisons  are  warranted  only  by  a  similarity  of 
optward  form  and  of  the  instruments  of  locomotion  and  prehension. 
The  essential  internal  organisation  of  the  persistent  lower  forms  of 
the  Zoophyta  is  wanting  in  the  transitory  states  of  the  higher  ones. 
A  progress  through  the  inferior  groups  is  sketched  out,  but  no 
actual  transmutation  of  species  is  effected.  The  young  Medusa, 
before  it  attains  its  destined  condition  of  maturity,  successively  re- 
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of  light,  at  leaat,  on  which  ita  peculiar  colour  depends.  The  terrainul 
pigraent-speck  in  mo3t  star-fishes  is  defended  by  a  circle  of  moveable 
fipines,  which  on  the  visual  hypothesis  of  the  speck  have  been  called 
*'eyelidsi/'  But,  without  regarding  the  Biibjoined  facetious  descrip- 
tion by  a  witty  contempoi'ary,  eithiir  **  as  giving  additional  weight  to 
their  asserted  claims  to  be  regarded  as  true  visual  orgarts,"*  or  as 
meriting  the  grave  refutation  with  which  it  has  been  honoured  by  a 
worthy  matter-of-fact  German  anatomist  f,  we  quote  it  Bimply  aa 
indicative  of  the  prevalent  notion  amongst  sound  naturalists  of  the 
function  of  these  problematical  parts.  Frof.  E.  Forbes,  often  batlltid 
by  the  suicidal  powers  of  the  star-fiihes,  had  talten  special  precau- 
tions to  obviate  the  consequences  in  regard  to  a  rare  "  brittle-star;** 
and  had  provided  a  bucket  of  fresh  water  to  receive  and  kill  instan- 
taneously any  specimen  that  miglit  be  brought  up  by  the  dredge. 
"As  I  expected,  a  Ltiidia  came  up — a  most  gorgeous  specimen-  As 
it  does  not  generally  break  up  before  it  is  raised  abo^e  the  surface  of 
the  sea,  cautiously  and  anxiously  I  sunk  my  bucket  t-o  a  level  with 
the  dredge's  mouth,  and  proceeded,  in  the  most  gentle  manner,  to 
introduce  Luidia  lo  the  purer  element.  Whether  the  cold  element 
was  too  much  for  him,  or  the  sight  of  the  bucket  too  terrific,  I  know 
not,  but  in  a  moment  he  proceeded  to  dissolve  his  corporation,  and  at 
every  mesh  of  the  dredge  his  fragments  were  seen  escaping.  In 
despair  I  grasped  at  the  largest,  and  brought  up  the  extremity  of  an 
arm,  with  its  terminating  eye,  the  spinous  eyelid  of  which  opened  and 
closed  with  something  exceetlingly  like  a  wink  of  derision.** 

The  mouth  in  the  star-fishes  i%  situated  at  the  middle  of  the  under 
surface  of  the  body:  it  is  edentulous,  and  leads  by  a  short  wide 
gullet  into  a  large  stomach  {^fig-  93,  «),  which,  in  the  SfeUerido'^ 
sends  off  a  pair  of  sacculated  csecal  appendages  (bb)  into  each  of  the 
rays,  but  is  witliout  intestine  or  anus  in  AsL  aurantiaca  {Astero- 
pecien).  The  small  terminal  pouches  of  these  appendages  appear  to 
socrete  a  substance  subservient  to  chylification  :  two  or  more  small 
glandular  sacs  {cc)  of  a  yellowish  colour  open  into  tlie  bottom  of  the 
stomach,  and  have  been  regarded  as  a  rudimentnl  form  of  liver.  In 
Asieracanihion^  Asterogonium  and  Solaster^  there  is  a  short  intestine 
with  an  anal  opening,  opposite  to  the  mouth ;  and  in  these  there  are 
inter-radial  ciBCfl,  which  in  Asteravantkion  rtehens  contain  a  brownish 
fluid,  in  which  uric  acid  has  been  detected*     Each  long  sacculated 

•  CLXV.  p.  253. 

t  **  Die  von  Forbes  (History  of  Star-fishe^,  p.  139.)  initg^thcUte  Erzahlun|j,  wie 
Luidia  fragilixHima  diirch  frciwilliges  Abtrcnnoii  dcr  Arnit',  mitifpotliscljblifizduden 
Augcn  ihren  Vcrfolger  anblickcnd,  sich  der  Gcfangcnschitft  z\i  entziehcn  wusBtc,  ijst 
rcclit  aimehend  stt  lesen,  kanii  uber  imtlirlich  nwhu  ixber  dw  Dofieio  von  Augcn 
bd  den  Scestomen  ent»pliicdcii."     XXIV*  p*  88. 
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Jb^amilies  OceanidjE.  Chjlaqueous    canala    simple:    ovaries 

convoluted^  and  lining  the  peduncu- 
lated  stomach.      Grenera    OeeaneOy 
Saphenia^  Turris^  Cytaeis, 
WiLLsiiDX,  Chjlaqueous  canals  branched.     Genus 

WUhia*,  Berenix,  Otyihia. 
Sub-order  Stegakophthalmata.     (Clothed-ejed  Medusas.) 
Cysticles  protected  by  complicated  coverings:  Chylaqueoua  canab 
canals  branched  and  anastomotic.     No  gemmation. 
Families  Rhizostomatidje.     Mouths  numerous  on  the  branches  and 

borders  of  a  ramified  proboscis.  Chj- 
laqueous canals  without  outlets.  Ge- 
nera RhizostomOf  Cephea,  Cassuh' 
paa, 
MonostomatidjE.  Mouth  single  :  Chjlaqueous  canals,  (in 
some)  with  distinct  outlets.  Genera 
PhaceUaphorOy  CyafUBO^  Pelayia, 
Chrysaora,  AureUa, 

Order  CILIOGRADA. 
Body  spheroidal,  oblong,  or  lobated,  rarelj  lamelliform.     Loeanuh 
Hon  by  longitudinal  bands  of  cilia.     Sexes,  in  some,  combined. 


Families  Beroidje, 


Mnemeidm, 


Callianiridje. 
Cestidje. 


Genera  Beroe,  Lesueuria^  Medea^  Cy^ 

dippe,  Pleurobrachia. 
Genera    Mnemioy    Eucharis,    Janiray 

Alcinoe,  Bolena, 
Genera  CaUianira. 
Genera  Ocyroe\  Cesium. 


Order  PHYS06RADA. 


Body,  floated  bj  air-cells.     Locomotion  bj  parts  exposed  to  and 
acted  upon  bj  the  winds.     Nutrition  bj  numerous  suctorial  tubes. 

Genera  Diphyes,  Brsaa. 

Genera  Physophora,  Siephanomia, 

Genera  Physalia, 

Genera  Velella,  Rataria,  Porpiia. 


Families  Diphyidje. 

PlIYSOPHORIDJE, 

Physalidje, 
Velellidjb. 


•  CXLVIL  p.  17. 
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flutrl  to  the  ve«i(*1eji  at  the  base  of  the  hollow  tentacles  protruded 
tbroiigfi  the  arnhulacral  {Kires.  Tiedemann  and  Sharpej  *  also  agree 
in  rejecting  the  continnation  of  the  chylaqueous  or  erectile  system  of 

the  feet  from  the  intestinal  vascular  system.  In  the  Crinoida  a  cordi- 
form  fiac  lies  at  the  bottom  of  the  cup-shaped  body,  from  which  vessels 
diverge  nlong  the  axial  canal  of  the  arms,  pinnules,  and  cirri,  and  a 
vessel  dfsct'nds  into  the  spongious  axis  of  the  body-c^vitj  and  stem, 
A  chykqueoua  canal,  which  runs  immediiitely  benesth  the  tentaculsr 
furrow,  convoys  the  fluid  to  the  hollow  feet:  in  the  Comatula  the 
canal  is  divided  hy  a  modi- vertical  septum.  In  tlic  OphiuruiiB  two 
or  four  broad  rc?«piratory  Itmulhi*  project  from  each  of  the  five 
tnter-radial  angles  into  the  visceral  interspace. 

In  some  ^tur.flBhes  tliere  is  a  small  membranous  tube,  filled  witli 
calcareous  particlc.%  called  by  Ticdenmnn  tlie  »antl-canal :  its  position 
is  indicated  hy  the  circular  niulti perforate  prominence  or  nucleus 
{Jig.  95»  z%  on  the  dorsal  aspect  of  the  disc  of  the  Asterias,  near  the 
angle  betw^een  two  of  the  rayn,  which  prominence  resembles  a  minia- 
ture hrnin-stuno  madrepore.  In  other  StcHeridfr  a  jointed  calcareous 
column  (Jit/.  1*5,  *),  is  continued  from  tlie  nucleus  into  the  interior  of 
the  body,  and  consists  of  minute  hexagonal  plateF^  which  are  unit^ 
into  larger  juints*  The  precise  function  of  these  appendages  to  the 
nucleus  ij5  not  yet  understood.  From  the  analogy  of  one  of  its  modi- 
llcations  with  the  jointed  column  of  the  crinoid  star-fishes,  it  has 
been  suggested  that  it  may  be  the  analogue  or  remnant  of  that 
column ;  but,  according  to  the  observations  of  M.  Sars,  the  Asteriap 
are  not  fixed  aninmls  in  the  young  state.  Dr.  Sharpey  has  con- 
jectureil  that  it  may  serve  as  a  filter  in  the  admission  of  eca-water  to 
tho  tubular  system  of  the  ambulacral  feet ;  and  it  unquestionably 
relates  to  the  chylaqueoua  system,  of  which  it  is  a  part  distinguished 
by  the  calcareous  deposits  superadded  to  the  canal.  The  sand-canal 
is  adherent  to  the  parictes  of  the  body  in  the  OphmridtB  and 
Echmidtr  m  wdl  in  the  Sielkridct :  but  the  spot  to  which  it  adheres 
in  the  Ophinriiiie  is  imperforate.  In  the  Holothariadtr  it  hangs 
loose  in  the  abdominal  cavity.  In  the  Asftrophi/tan  the  mndreporoid 
nucleus  is  situated  on  the  ventral  aspect  of  the  disc. 

As  the  sea-water  is  freely  admitted  into  the  general  cavity  of  ibe 
body,  and  bathes  all  the  viscera,  their  vascular  surfaces  thus  stand 
in  the  relation  of  a  respiratory  organ  to  tho  aerated  medium^  and  they 
are  every  where  provided  with  vibralile  cilia,  which  maintain  the 
currents  of  oxygenated  fluid,!  But  with  the  sen-water  is  mingled  a 
kind  of  chyle^oorpuscles,  long  since  recognised  by  Erdl  J,  the  forms  of 
which   in  different    Echinoderms  have    been    lately   described   by 
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terises  the  Echinoderms  commonly  called  ^<  Sea-urchins,*'  and  Echinoi 
by  the  Greeks. 


Atterlaa. 

The  Echinoderms  of  the  order  Holothurioidea  may  be  described  as 
being  constituted  by  a  softening  of  the  calcareous  skin  of  the  spheroidal 
species,  and  by  the  reduction  of  the  earthy  matter  to  a  greater  or 
less  number  of  reticulate  calcareous  corpuscles,  the  globe  being  then 
drawn  out  by  the  two  opposite  poles  into  an  elongated  cylindrical 
form.  These  vermiform  Echinoderms  seem  to  lead,  by  the  concluding 
order  Sipunculoidea,  to  the  true  worms,  which  stand  on  the  lowest 
step  of  the  Articulate  division  of  the  Animal  Kingdom. 

The  name  Echinodermata  has  been  applied  to  these  diversified 
forms  of  the  higher  organised  Zoophytes  of  Cuvier,  because  in  many 
of  the  species  the  integument  is  defended  by  spines  :  they,  however, 
possess,  and  are  associated  together  by,  another  and  more  general 
tegumentary  ciiaracter  ;  the  skin  is  perforated  in  most  of  the  species 
by  minute  foramina,  through  which  a  multitude  of  small  tubes  or 
hollow  suctorial  tentacles  ('  tube-feet*)  can  be  protruded  and  retracted, 
and  these  constitute  the  common  organs  of  adhesion  and  locomotion 
in  the  Echinoderms. 
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which  coiisiituta  a  liollow  sphemtd,  baving  a  large  aperture  at  each 

pole,  where  the  first  four  kinds  of  i 

^^    .^id^^^^HHHMi.  plates  are  situated.     The  ambula- 

cra! plates  (a)  arc  perforated  for 
the  passage  of  the  tubular  feet^  the 
parallel  rows  of  which  intercept 
and  overshadow  spaces  compared 
bj  Linn  IB  us  to  avenues  or  ambula- 
cra ;  these  plates  likewise  support 
spines.  The  ioterambulacral  plates, 
(i)  which  support  a  greater  num- 
ber of  the  epines,  are  characterised 
by  more  numerous  tubercles,  and  ore  not  perforated.  Both  kinds  of 
plates  are  of  a  pentagonal  form,  and  are  arranged  each  kind  in  ^yb 
alternate  pairs  of  vertical  rows.  The  plates  of  each  pair  are  united 
together  by  a  zigzag  suture,  and  increase  in  sixe  as  thejr  approach 
the  equator  of  their  living  globe.  These  twenty  series  of  ambulacral 
and  interambulaeral  plates  constitute  the  chief  part  of  the  spheroidal 
skeleton  of  the  Echinus.  The  large  oral  aperture  is  partly  occupied 
by  the  small  irregular  oral  plates,  which  have  no  tubercles  or  spines, 
and  are  suspended  in  the  oral  integument,  from  the  middle  of  which 
project  the  points  of  the  five  teeth.  At  the  opposite  aperture,  imme- 
diately surrounding  the  vent,  are  the  small  anal  plates ;  external  to 
these  ai*e  the  five  genital  or  ovidtical  plates,  so  called  because  each 
is  perforated  by  the  duct  of  an  ovarium  or  testis  5  the  ocular  plates 
are  wedged  into  the  external  interspaces  of  the  genital  plates,  and 
are  pierced  near  the  apex  by  a  very  minute  pore,  which  lodges  the 
ocellus  and  its  little  nerve. 

One  of  the  genital  plates  is  larger  than  the  rest,  and  bears  n 
tubercle  corresponding  with  the  nucleus  or  madrcporiform  tubercle  on 
the  back  of  the  star-fish.  M.  Agassist,  assuming  this  plate  to  be  at 
the  back  part  of  the  Echinus,  showed  that  the  other  four  genital 
plates  were  in  symmetrical  pairs,  and  thus  discovered  the  right  and 
left  sides  of  the  animal. 

The  calcareous  constituent  of  the  shell  of  the  Echinus  Ihidtu  has 
the  following  chemical  composition,  according  to  the  analysis  of  Pro- 
fessor Brunner,  quoted  by  Professor  Valentin.* 

Carbonate  of  lime  -  -     96*27 

Sulphate  of  lime  -  -1*53 

Carbonate  of  magnesia  -      0*93 

lOO'OO 
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The  small  anal  plates  are  united  together  like  the  oral  ones  by  an 
extensile  and  contractile  membrane.  Both  the  internal  and  external 
surface  of  the  rest  of  the  complicated  shell  is  covered  by  a  similar 
organised  membrane,  which  likewise  extends  through  all  the  numer- 
ous sutures  of  the  shell.  With  this  explanation  of  the  general 
structure  of  the  crust  of  the  Echinus  we  are  in  a  condition  to  under- 
stand the  manner  of  its  growth,  which  otherwise  would  be  a  difficult 
physiological  problem. 

The  Echinus  maintains  nearly  the  same  spheroidal  figure  from  its 
earliest  formation  to  full  maturity ;  and,  notwithstanding  that  its  soft 
parts  are  almost  entirely  confined  by  a  fragile  and  inflexible  globular 
crust,  this  is  never  shed  and  reproduced,  like  the  shells  of  the  crab 
and  lobster.  At  the  same  time  the  calcareous  plates  possess  not  more 
power  of  inherent  growth  than  do  the  crusts  of  the  Crustacea.  By  the 
subdivision  of  the  hollow  globe  into  many  pieces,  and  the  apposition 
of  a  formative  membrane  to  all  their  margins,  addition  is  made  to 
the  circumference  of  each  component  plate,  and  by  the  plan  of  their 
arrangement  the  spheroidal  shell  gradually  expands,  with  little  change 
in  its  figure  and  relative  proportions. 

The  amount  of  change  in  the  form  of  the  shell,  which  difiers  in 
different  species,  depends  upon  the  addition  of  new  plates  to  the 
ambulacral  and  interambulacral  series.  These  are  developed  near 
the  oral  and  anal  poles,  but  chiefly  near  the  latter,  where,  in  the 
young  CidariSf  for  example,  the  plates  are  more  loosely  connected 
together,  and  support  incomplete  spines.  In  the  membrane  con- 
necting such  plates  may  be  seen  small  irregular  pieces,  without  tu- 
bercles or  spines,  which  grow  by  accretion  to  their  margins,  and  then 
have  the  tubercles  developed  upon  their  outer  surface.  The  spines 
are  at  first  immoveable,  and  stand  out  like  processes  from  the  tuber- 
cle ;  the  joint  is  not  developed  until  after  they  have  acquired  a  certain 
size.  The  growth  of  the  globe  in  the  direction  of  its  poles  is  chiefly 
by  the  development  of  the  new  plates ;  its  expansion  at  the  equator 
is  by  the  addition  to  the  sutured  margins  of  the  old  plates.  In  full 
grown  and  aged  specimens,  especially  of  Scutella  and  Clypeaster^  the 
sutures  become  obliterated. 

The  spines  of  the  Echini  vary  in  form  and  relative  size  in  difiereut 
genera ;  in  each  the  proximal  extremity  is  adapted,  by  an  excavation, 
to  one  of  the  tubercles  on  the  outer  surface  of  the  plate,  to  which  it 
is  attached  by  a  capsular  ligament,  and  upon  which  it  can  be  rotated 
by  muscular  fibres  external  to  the  capsule.  In  the  species  of  Cidarit^ 
where  the  spines  are  unusually  large,  an  internal  ligament  extends 
from  a  little  pit  upon  the  centre  of  the  tubercle  to  the  centre  of  the 
articular  cavity  of  the  spine,  analogous  to  the  round  ligament  in  the 
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hip  joint  The  spines  grow  by  sttccessiYe  additions,  through  calcifi- 
cation of  that  part  of  the  common  organised  membranous  coTering 
of  the  shell  of  the  Echmus,  which  is  attacheil  to  their  base.  The 
varied  ax*eolar  organisation  of  the  spines  affords  beantiful  microsco- 
pical objects  when  viewed  in  thin  transverse  slices. 

In  the  typical  genera.  Echinus  and  Cidaris^  e.  g.  tlie  ambulacral 
pores  extend  from  pole  to  pole ;  but  in  Scutelia  and  Roiula  they  arc 
confined  to  the  dorsal  at^pect  of  the  more  flattened  spheroid,  where 
tliey  form  a  five-leaved  rosette. 

The  tu he-feet  that  issue  from  tlie  ambulacral  pores  can  be  extended 
beyond  the  longest  spines  in  the  Echinus  Sphrera  of  our  own  coasts; 
they  terminate  in  suckers,  which  appear  to  be  highly  sen^ttve,  and 
by  which  the  Sea-urchin  attaches  itself  to  foreign  bodies,  and  moves 
along  them  with  a  rotatory  course,  with  its  mouth  downwards,  the 
0ptiitt  servingt  to  balance  and  direct  the  progress  of  the  nniraa!.  The 
baiiea  of  the  tuhc-fef-t  communicate  with  the  cavities  of  the  internal 
Teaicles  or  branchiie  (^fiff*  98,  ;/);  their  outward  surface  is  ciliated. 
The  terminal  sucker  of  the  tube-foot  is  supported  by  a  circle  of  fire 
or,  sometiinpB,  four  reticulate  calcoreoua  plates,  which  intercept  a 
central  foramen,  and  by  a  single  delicate  reticulated  perforate  plate  on 
the  proximal  side  of  the  preceding  gronp.  The  centre  of  the  suctorial 
disc  is  perforated  by  an  aperture  conducting  to  the  interior  of  the 
ambulacral  tube-foot. 

1  have  reserved  the  notice  of  another  class  of  appendages  to  the 
integument,  not  only  of  the  Echini,  but  of  tha  Asterias  for  this  part 
of  my  discourse,  because  they  are  most  deTeloped,  most  Taried  in 
structure,  and  have  been  most  minutely  investigate-d  in  the  species  of 
the  globular  family  of  EchiiuKlenns,  The  appendages  to  which  I 
allude  are  called  **  pedicellaria?/*  and  consist  of  a  dilated  end  or  head, 
usually  prehensile,  supported  by  a  slender  stem  or  pedieeL  They 
present  ditferent  forms,  which  hold  constant  and  determinate  positions 
in  the  crust  of  the  Echinus:  they  seem  at  no  season  to  be  absent^  and 
must  therefore  form  port  of  the  integral  organigalion  of  the  Echt no- 
derm.  They  have,  however,  been  conjectured  by  some  naturalists  to 
he  parasitic  animals  s  by  others  to  ho  the  young  of  the  Echini,  to 
which  they  are  attached. 

In  the  Ech.  itvidu^^  Prolessor  Valentin,  to  whom  we  owe  the  most 
minute  descriptions  of  these  bodies,  divides  them  into  gcmmiform, 
tridactyle,  and  snake-headed  pedieeliariffi.  They  are  all  composed  of 
an  internal  calcareous  axis,  and  a  soft  external  tissue. 

The  gemmiform  pedicellarias  *  are  placed  around   the  tubercles, 


Pe^etUarim  ^kAtftrv,  Mullor. 


ECHINOI»ERIIATA.  203 

especially  the  largest  ones :  tbeir  pedicel  is  long  md  cdender ;  their 
capital  resembles  the  bud  of  a  flower,  defended  by  three  sepals,  the 
apex  of  each  of  which  is  produced  inwards  in  the  form  of  two  pairs 
of  long  and  slender  teeth.  The  quadridentate  sepaloid  plates  can  be 
divaricated  and  approximated,  and  constitute  a  very  effective  pre- 
hensile instrument :  they  are  highly  irritable ;  a  needle  introduced 
into  their  grasp  is  instantly  seized.  The  ciliated  gemmule  of  any 
parasitic  coralline,  which  might  settle  aboHt  the  base  of  a  spine,  and 
there  commence  its  growth,  would  be  liable  to  be  seized  and  uprooted 
by  the  prehensile  gemmiform  pedicellarisB,  which  are  of  microscopic 
minuteness. 

The  tridactyle  pedicdlarifle  (Jig.  97,  a)  are  of 
larger  size,  are  visible  to  the  naked  eye,  and  fit  to 
grapple  with  and  dislodge  young  sedentary  pa- 
rasites of  larger  species,  as  Cirripeds  and  Con- 
chifers.  They  are  found  more  particularly  around 
the  large  tubercles  of  the  interambulacral  plates 
which  support  the  largest  spines.  Their  capital 
is  longer,  narrower,  and  more  pointed  than  in 
the  gemmiform  kind ;  and  the  three  pieces  are 
Fediceiiarie.  deutatod  and  close  upon  each  other,  like  the  blades 

of  pincers. 
The  '' pedicellariaB  ophicephalas*  are  aggregated  principally  upon 
the  buccal  membrane. 

The  pedicellarisB  of  the  star-fishes  are  diffused  generally  over  the 
surface,  and  form  dense  groups  round  the  spines :  they  consist  of  a 
slender  contractile  stem ;  but  the  head  resembles  a  forceps  with  two 
blades  (fig.  97,  b):  they  are  continually  in  motion,  opening  and 
shutting  their  blades.  They  would  wage  as  effective  and  serviceable 
a  war  in  defence  of  the  integument  of  the  Asterias  against  the 
attacks  of  the  host  of  parasites  which  the  sea  engenders  as  their 
tridactyle  analogues  in  the  Echini  may  do.  In  some  species  of 
Goniaster  the  pedicellarise  resemble  the  vane  of  an  arrow,  and  are  so 
numerous  as  to  give  a  villous  appearance  to  the  integuments. 

The  muscular  system  of  the  Echinus,  into  the  details  of  which  the 
limits  of  the  present  lecture  forbid  me  to  enter,  includes  the  muscles 
of  the  spines,  those  of  the  jaws  or  lantern,  of  the  buccal  membrane, 
of  the  anus,  of  the  ambulacral  tubes,  of  the  internal  branchiao,  and  of 
the  pedicellarisB.  The  muscles  of  the  lantern  and  spines  have  their 
ultimate  filaments  collected  into  primitive  fibres  or  fascicles,  which 
are  marked  by  transverse  stries  at  regular  distances  as  in  the  muscles 
of  insects.* 

♦  CLXvn  p.  101. 
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tlie  hardening  earth  is  present^  ita  ultimate   arrangemt-*nt   is  i 
network,    the    microscopic    meshes   or   areolae  being   more   or  le 
circular. 

In  the  genera  Oreaster  and  Culcita  the  wliole  surface  is  l>€set  witli 
iuberclo9  and  granules.  In  Asteropecten  and  Sieliasier  there  are 
moveable  flat  spines  and  marginal  plates.  In  Solaster  and  C/ice taster 
there  are  innumerable  spines,  the  summits  of  which  are  beset  with 
aetas.  The  sides  of  the  arms  in  Ophiocoma  and  Ophiomastix  ar 
defended  by  smooth  spines ;  in  Ophiothrix  by  bristled  spines.  Inl 
OphiQityx  there  are  moveable  douhle  hooka  beneatb  the  hristletl  spines.^ 

The  ultimate  muscular  fibres  in  the  Asteroids  are  smooths     The 
joints  of  the  arms  and  pinnules  of  tlie  Criuoids  and  Comatules  are 
moved  by  a  pair  of  small  muscles  on  their  ventral  aspect,  antagonised 
by  elastic  bands.     The  spaces  between  the  joints  of  the  skeleton  of  J 
the  Asteroids  are  occupied  hy  muscular  fibres,  which  are  antagonised! 
by  the  general  elasticity  of  the  integument.     In  the  Crinoids  the 
margins  of  the  ventral  grooves  extending  from  the  mouth  along  thej 
soft  perisorae  are  beset  with  very  delicate  cylindrical  muscular  feet 
and  the  surface  of  each  foot  is  beset  with  small  clavate  tentacules«1 
In  the  Ophiuridct  at  t)ie  sides  of  the  arms  tiiere  are  poriferous  plates," 
out  of  which  protrude  cylindrical  obtuse  feet,  covered  by  a  quantity  of 
wart-like   protuberances.     In    this    family   tlie    rays   are   exlremely 
attenuated  and  elongated,  and  have  no  ambulacral  grooves  :  nor  is 
the  complicated  mechanism  of  tlie  ambulacral  l^et  in  the  ordinary 
star-fishes  here  needed,  for  the  flexile  and  spinous  rays  can  twine 
round  and  seize  other  objects  bo  as  to  perform  directly  tiie  oflices  of 
prehension  and  locomotion.     The  facility  with  which  an  Ophiura  orJ 
Luidia  casts  off  a  ray  which  may  be  touched,   and  even  aU  the  raya 
leaving  only  its  central  disc,  when  it  is  seized,  is  very  surprising  ;  it  il^ 
consequently  very  difficult  to  preserve  specimens  of  these  genera' 
entire.      To  do  this  it  la   recommended  to  plunge   them  suddetdy 
into  fresh  water,  when  they  instantly  die  in  a  state  of  the  most  rigid 
extension. 

According  to  Mitller  there  extends  along  the  tentacular  groove  of 
the  perisome  ou  the  ventral  side  of  the  body  of  tlie  Crinoids  a  nervoua 
chord,  which  forms  a  slight  enlargement  at  the  base  of  each  pinnule,  1 
which  a  filament  is  sent.  lo  the  Ophiuridm  the  nervous  chords  are 
lodged  in  a  canal  protected  by  tlio  ventral  plates  of  the  arms.  The 
soft  labial  meinbranes,  tentacles^  and  tubular  feet  seem  adapted  to  a 
delicate  reception  of  impressions;  and  so  far  as  these  may  be  felt  by 
the  individual^  and  cause  voluntary  movements»  such  parts  may  be 
regarded  a^  organs  of  touch*  The  nervous  system  of  the  Asteria 
(/).  14*,^/^.  4.)  consists  of  a  slender  white  chord  surrounding 
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protruded  and  retracted  by  certain  muscles^  which  have  their  fixed 
points  of  attachment  in  five  calcareous  ridges  and  arches  which  project 
from  the  inner  surface  of  the  plates  near  the  margin  of  the  oral  vacancy 
of  the  shell.  These  processes  are  short  in  ClypecLster,  and  obsolete  in 
Spatangus,  For  the  particuilar  description  of  these  masticatory  muscles, 
which  are  classed  under  the  following  heads — 1.  Musculi  interarcuales, 
s.  commin uteres  ciborum,  2.  Musculi  arcuales,  s.  dilatores  orificii  den- 
tium,  3.  Musculi  interpyramidales  (sphincter  oris),  4.  Musculi  trans- 
versi, — I  must  refer  to  the  Legons  (TAnatomie  Comparee  of  Cuvier 
(CLXVn.),  the  Article  by  Professor  Sharpey  (CLX.  p.  38, y^.  17.), 
and  the  monograph  of  Professor  Valentin,  already,  cited. 

The  pharynx  occupies  the  cavity  of  the  lantern,  and  is  divided  by  five 
longitudinal  folds,  most  prominent  at  their  commencement ;  the  small 
salivary  caeca  are  placed  close  to  its  continuation  with  the  oesophagus, 
from  which  it  is  separated  by  a  marked  constriction.  A  slender  ossopha- 
gus  (Cf  fig,  98.),  conducts  to  the  gastric  or  csecal  portion  of  the 
intestine  (cQ  ;  and  that  canal  twice  performs  the  circuit  of  the  abdo- 
minal cavity  before  its  final  termination.  The  vent,  its  membrane, 
and  the  anal  plates,  have  appropriate  muscles  for  constriction  and 
dilatation.  The  intestine  is  generally  found  more  or  less  loaded  with 
fine  sand;  its  surface  and  that  of  its  mesentery  is  covered  with  a 
rich  vascular  network,  which  conveys  the  nutrient  fluid  eliminated 
from  the  organic  particles  swallowed  with  the  sand,  to  a  large  vessel 
or  vein,  which  accompanies  the  intestine  from  the  anus  to  the  mouth, 
where  it  terminates  in  the  vascular  circle  around  the  oesophagus, 
from  which  the  arteries  are  given  oflf  for  the  supply  of  the  whole 
body. 

In  the  Spatangus  a  moderately  long  caecum  is  developed  from  the 
first  coil  of  the  intestine.  In  the  Clypeaster  there  are  several  shorter 
lateral  caeca ;  and  both  these  and  the  convolutions  of  the  heavily-laden 
alimentary  canal  are  supported  by  peritoneal  lamellae  from  the  inner 
surface  of  the  shell. 

The  sea-water  is  admitted  into  the  peritoneal  cavity,  and  its  con- 
stant renovation  over  the  surface  of  the  vascular  membranes  of  the 
Echinus  is  provided  for  by  the  same  mechanism  of  vibratile  cilia  as 
in  the  Asterias. 

There  are  external  as  well  as  internal  organs  of  respiration  in  the 
Echinoids  :  the  former  are  the  short,  pyramidal,  branched  or  pinnate 
hollow  processes,  attached  by  pairs  to  the  oral  extremities  of  the  inter- 
ambulacral  areae,  and  consequently  ten  in  number :  their  outer  surface 
is  highly  vibratile.  The  internal  branchiae  are  the  transversely  ex- 
tended hollow  bases  of  the  tube-feet,  which  are  covered  with  so  rich  a 
network  of  vessels  that  Valentin  compares  them  with  the  lungs  r' 
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the  mkmMnier.  The  tluti  olBoe  of  these  lacs,  aeoording  to  Tiede- 
nMno,  tf  to  proCrttle,  bj  eostnetiii;  opoo  their  fluid  contents,  the 
tahe-^M^  <»fftina<d  froM  then  through  the  amhokcral  pores ;  but 
m  the  lemtMl  Mefcer  of  these  feet  is  miqvestkmablj  perforated, 
Vdeatn*  niects  this  ezphuMtioii:  he  thuiks  the  tnbe-feet  imbibe 
the  w  mnttw  hj  Hmr  tetrmiml  partf  Mad  eooTej  it  to  the  internal 
,  ftr  the  •zjgenttMi  of  the  blood,  circnkting  over  its 
The  se»^«ster  em  he  steilted  into  the  interior  of  the 
leeritjthfMgh  the  iacenpecee  of  the  teeth:  if  it  be  actunllj 
hf  the  tabe4eet  h  sasl  pass  bj  ezosmose  throngh  the 
\  of  the  beni  ajggali,  which  is  euatmrj  to  nudogj. 
The  estcraal  hi  si  his  ere  m  note  eooqilicated  form  of  respiratory 
le  eserftti  ead  erteiird ;  dbcj  floei  in  Ae  external  req>irator7  me- 
htm,  whfle  the  intenml  sees  receive  it  into  their  interior. 
Crnvmr,  TiedeoHum,  end  Drile  Chiaje  have  given  more  or  less  ac- 
dseeriptioBS^  bat  oonflieting  explanations)  of  the  Tascuhur 
ef  the  EehiniML  There  is  no  donbt  that  the  fusiform  diUted 
i  Tcaide,  sitnated  near  the  cssophagusy  and  surrounded  by  a 
Uti.  ef  the  mesenteijf,  ie  the  central  organ  or  heart  Its 
r  is  sobdlTided  bj  wnsnilar  walls.  From  its  oral  end  a  trunk 
I  a  ciide  aroakl  te  oesophagus  at  the  base  of 
Ae  vessels  of  that  part  proceed.  A  second 
i  Ceeii  the  opposite  cad  of  the  heart,  in  the  oi^osite 
a  cerrtepending  eifde  anMnd  the  anvL  A 
i  ihe  iwlTit^**  arterj  mne  along  the  eonenve  sasifcin  of 
A«  iBteiAie;  another  trunk  called  the  intestinal  ran  auwipaniis 
the  outer  or  convex  contour  of  the  intestine,  and  receives  many 
teanehes  from  the  membrane  of  the  shell  The  vascuUr  circle  roond 
the  sons  (JS^,  96, />,  receiving  the  veins  of  the  ovaria,  send*  off 
ftwe  trunka  which  mn  in  the  interspaces  ot  ti*  beses  of  the  tobnW 
feet,  or  internal  branchic :  the  eaniHarw  /c  7hwt  b?«vchw*  Tetom 
into  live  other  trunks,  accomnanTuitt  3K  wivwdiec  frfc  ta^mt  thi» 
Bwdiaa  interspace.  One  «r  mmff  inJfi:  <he  /»»^  «•:  hr^U^ 
srteries.  the  other  lims  at  •3r«Uim:.««.  Th.  W^:  -  ^  ^  i*«l^ 
velhiw  colour  l  the  bhii«-Ka*  «  |p«iMitar  m^.  l^-^s^^^  ^ui  vj,«ti^ 
kUv  manifest  a »!»««»  ^  ^,  ,       .       .w. 

Pr.if  Vrilendiw  «**  *  ««*'  •^  tn^HO^Jiip  ^m^hiu^  mu.  tiu, 

^^^^^"'^'^'^P-^    ^,jl.r^«»a;iM«i»rvbe2>iem^ 
will  permU^  «***^ 
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the  heart  transmits  arterial  blood  to  the  arterj  proceeding  to  the 
lantern^  and  from  its  arterial  ring  to  its  soft  parts,  to  the  pharynx 
and  to  the  buccal  membrane.  From  these  parts  the  blood  returns 
into  the  venous  ring  of  the  lantern,  and  thence  into  the  intestinal 
vein,  where,  mingling  with  the  venous  Uood  from  the  inteatine,  it  is 
conveyed  to  the  annular  vessel  of  the  rectum,  which  also  receives  the 
venous  blood  of  the  ovaria.  The  blood  thence  passes  into  the  five 
trunks  which  represent  the  branchial  arteries.  These  distribute  the 
blood  over  the  internal  gills,  or  bases  of  the  tube-feet,  where  it 
acquires  the  arterial  character.  Thus  changed,  the  blood  returns  bj 
the  branchial  vein  into  the  arterial  ring  of  the  anus^  whence  it  is  dia- 
tributed  in  part  to  the  ovaria,  and  the  remainder  by  the  intestinal 
artery  to  regain  the  heart  In  this  view  the  vessel  called  bj  Tiede- 
mann  the  intestinal  artery  performs  the  office  of  a  vein. 

According  to  the  second  explanation,  the  heart  transmits  the 
arterial  blood  by  the  intestinal  artery  to  the  oesophagus,  intestine, 
and  rectum,  and  then  supplies  the  ovaria,  and  peiiiape  ake  the 
membrane  of  the  shelL  The  venous  blood  collected  into  the  ixH 
testinal  vein  is  poured  into  the  anal  venous  ring,  which  receives  the 
ovarian  veins,  and  distributes  the  blood  through  the  five  branchial 
veins :  these  will  disperse  it  over  the  branchial  sacs,  where  it  wiU  be 
oxidized.  Thus  changed,  the  blood  returns  by  the  branchial  vessels 
towards  the  auricles,  and  would  be  continued  by  their  aperturea 
into  the  vessel  of  the  internal  oblique  ligament,  would  then  pass 
along  the  pharynx,  gain  the  arterial  circle  of  the  lantern,  and  re-enter 
the  heart  by  the  vessel  which  passes  from  the  lantern  to  it. 

The  circular  vessel  of  the  chylaqueous  system  surrounds  the  gullet 
at  the  base  of  the  lantern  external  to  the  arterial  circle,  between  it 
and  the  nervous  ring.  With  the  chylaqueous  ring  are  connected  the 
Polian  vesicles  and  the  sand-canal  —  here  a  membranous  tube. 
From  the  circular  canal  five  vessels  extend  along  the  ambulacral 
spaces  to  supply  the  system  of  tube-feet.  The  chylaqueous  has  no 
connection  with  the  proper  vascular  system. 

The  nervous  system  consists  in  the  Echmidd^  as  in  the  A$teria$^ 
chiefly  of  a  delicate  chord  surrounding  the  pharynx,  immediately 
external  to  the  chylaqueous  ring,  and  of  five  trunks  extending  along 
the  ambulacral  interspaces.  The  pharyngeal  ring  is  an  equilateral 
pentagon  in  the  Echinus,  and  an  oblong  pentagon  in  the  SpakMmjjfiUm 
In  the  Echinus  the  ambulacral  nervous  trunks  are  flattened,  and  may 
be  distinguished  from  the  vessels  by  the  connection  of  the  latter  with 
the  internal  branchias.  Smaller  nervous  branches  are  sent  off  from 
each  arch  of  the  pentagon  to  the  inter- pyramidal  muscles  and  the 
oesophagus.    The  ambulacral  or  branchial  nerves  diminish  in  size  as 
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they  proceed,  supplying  tlie  internal  branchla?  and  the  ambukcral" 
tube-feet ;  they  finally  terminate  by  penetrating  the  pore  of  the  ocular 
plate  to  gain  the  base  of  the  red  ocellus. 

The  generative  apparatus  of  the  Echinus  consists  of  live  inem^ 
branoua  &acs  (fig.  98.  A,  A),  the  efferent  ducts  of  which  perforate 
five  plates,  surrounding  the  anal  plates,  and  thence  called  genitnl  oH 
ovarian  plates.     This  structure  is  common  to  both  sexes,  which  are* 
in  distinct  individuals  in  the  Echinoids,  as  in  the  Siar-iishes.     Tlie 
ovaria,  when  distended  with  the  mature  ovb,  which  generally  present 
a  bright  orange  colour,  till  a  great  part  of  the  cavity  of  the  shelh  and 
resemble  the  ovaria  or  roe  of  fishes*     They  have  at  all  periods  con- J 
stituted   a  favourite   article   of  food   with   the   inhabitants  of  thej 
Mediterranean  shores. 

The  ova  consist  of  a  vitelline  membrane,  a  vitellus^  the  transparent  J 
germinal  vesicle,  and  its  solid  nucleus. 

The  spermatic  corpuscles  are  elongated,  oval,  rounded  anteriorly,  I 
pointed  behind.  They  abound  in  the  opake  miiky  fluid,  distending  ' 
the  five  secerning  saccuH  at  the  breeding  season. 

In  the  multiplicity  of  the  pieces  of  which  t!ie  shell  of  the  Ecliinus 
is  formed,  we  may  discern,  by  the  contrast  which  it  presents  with  the  , 
bivalve  and  univalve  characters  of  the  shells  of  the  Mollusca^  the  I 
same  low  vegetative  condition  of  an  external  skeleton  which  is  ex- 
emplified by  the  frequent  repetition  of  similar  parts  in  the  multiplied 
mouths  of  the  Polypi,  the  multiplied  stomachs  of  the  Polygastria,  the 
mtiltiplied  ovaria  in  the  Tamifls,  and  the  multiplied  raarsupia  in  the 
Medusfe.  If  we  view  the  articulated  moveable  spines  and  the  ex- 
tensile and  prehensile  tubes  in  the  light  of  primitive  forms  of 
locomotive  extremities,  we  shall  see  in  their  great  numbers  and 
Irrelative  repetition  an  illustrattoD  of  the  same  law. 

Holothurioidea.  The  Holoi/turia,  which  is  the  highest  organised 
of  the  Echinoderms,  may  be  compared,  as  has  been  already  observed,  f 
to  an  Echinus  deprived  of  its  spines^  with  its  shell  softened  and 
elongated  by  divarication  of  its  poles.  The  coriaceous  integument  is 
strengthened  by  scattered  areolar  calcareous  concretions,  and  con- 
tinues to  be  perforated  by  innumerable  apertures^  which  give  passage 
to  tubtilar  feet  of  precisely  the  same  structure  as  those  in  the  sea- 
urchins  and  star-fishes.  These  tube-feet  are  likewise  in  some  species j 
i^f  Hoiothuriw  disposed  in  fiwe  longitudinal  ambulacral  series;  in  a 
few  species  {PsoIhs  Oken)  they  are  confined  to  a  sort  of  ventral 
disc:  in  other  species  they  are  generally  diffused  over  the  integu- 
ment. The  chief  calcareous  substances  in  this  coriaceous  integument 
consist  of  a  circle  of  osseous  pieces,  usually  ten  in  number,  and 
homologoua  with  the  parts  of  the   ** lantern"   in  Echinus,   which 
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t>artl7  defends  the  nervous  ring,  and  affords  a  firm  attachment 
to  the  branched  retractile  tentacles  which  surround  the  mouth. 
These  tentacles  may  be  likened  to  a  more  complicated  form  of  the 
ordinary  tube-feet  of  the  body,  each  being  connected  at  its  base  with 
a  long  hollow  sacculus,  and  being  distended  and  protruded  by  the 
injection  of  the  fluid  therein  contained.  In  Synapta  the  oral  circle 
includes  twelve  plates,  five  of  which  are  perforated  for  the  passage 
of  the  chylaqueous  canals.  The  integument  in  this  genus  is  beset 
with  small  anchor-shaped  spiculsB,  which  are  articulated  to  reticulate 
calcareous  plates  in  the  skin.* 

The  alimentary  canal  of  the  Holothuria  is  closely  analogous  to 
that  of  the  Echinus;  but  its  disposition  is  acconmiodated  to  the 
vermiform  character  of  the  softer-skinned  species :  its  anal  termina- 
tion dilates  into  a  cloaca,  from  which  two  long  ramified  caeca  are 
continued ;  but  these  admit  only  sea-water  from  the  cloaca.  In  the 
Synapta  {Holothuria  diffUatOy  Montagu)  the  stomachal  portion  of  the 
alimentary  canal  is  defined  by  its  strong  muscular  parietes :  there 
are  distinct  layers  of  muscular  fibres  in  certain  parts  of  the 
mesentery,  which  also  has  many  pecuHar  slipper-shaped  ciliary 
organs  -j^^th  of  a  line  in  length,  its  general  surface  not  being 
ciliated. 

The  ah'mentary  canal  in  the  Sipuneulus^  differs  from  that  in 
the  Holothuria  in  being  reflected  firom  the  posterior  extremity  of 
the  body  to  terminate  near  the  anterior  end,  without  dilating  into 
a  cloaca,  and  without  the  development  of  any  anal  cssca*  The 
intestine  is  longer  and  more  convoluted  in  its  course.  The  Sipun- 
cuius  is  a  marine  vermiform  animal  which  burrows  in  sand,  and, 
although  it  has  no  tegumentary  tube-feet  nor  organs  of  respinu 
tion,  is  most  closely  allied  to  the  Holothuria^  and  is  therefore 
retained  in  the  class  Echinoderma^  in  which  it  makes  the  nearest 
approach  to  the  true  Vermes.  The  oral  tentacula  are  replaced  by  a 
kind  of  proboscis  provided  with  a  circular  fimbriated  lip,  and  two 
contractile  vesicles  appear  to  be  connected  with  the  erection  of  the 
fimbrias.  The  anterior  position  of  the  vent  in  the  Sipunculus  pre- 
cludes the  necessity  of  the  worm  quitting  its  retreat  to  evacuate :  and 
its  safety  seems  to  demand  such  a  modification  on  account  of  its  in- 
tegument being  less  thick  and  coriaceous  than  in  the  Holothuria. 

The  rich  vascular  system  of  the  Holothuria  is  most  conspicuous 
upon  the  intestine  and  mesentery,  and  has  been  beautifully  illustrated 
by  the  injections  and  drawings  of  Hunter.^  Here,  however,  we 
find  the  intestinal  vessels  carrying  the  nutrient  fiuid  to  those  cloacal 

♦  CLXVm  Heft,  il  p.  12.    CLXIX.  p.  35.  f  ^^^^  No.  438.  A. 

t  See  Preps.  Nos.  437,  438.  984.,  and  X.  pis.  3.  and  49. 
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cipcyi  which  are  transformed  into  a  distinct  respiratory  organ,  and 
which  pi*esent8  the  tbi*m  of  two  long  and  beavitiful  arborescent  tubes. 
The  complex  circulating  systcrn  in  the  Holuthuria  is  in  great  part  i 
represented  in  tliis  diagram  {Jig'  1(>0,)  in  connection  with  the  equnlly 
extensive  system  of  ciiylaqueoua  sinuses  and  canala  which  regulate 

the  protrusion    and 
retraction  of  the  nu* 
100  egill|j||W/L^  meroua  tubular  feet. 

The  most  important 
part  of  the  circu- 
lating system  is  the 
trunk  {c\  which  runs 
along  the  free  border 
of  the  intestine,  and 
which  is  character- 
ised by  t!ie  short 
and  wide  vessel  (di- 
vided at  fi^f)  homO' 
logons  with  the  lieart 
in  the  Echinii»»  and 
which  connects  the 
corresponding  ves- 
sels of  the  two  prin- 
cipal folds  of  the 
intestine.  The  in- 
testinal c^ipiUaries 
reunite,  performing 
at  the  same  time  the 
office  of  absorbents 
and  conveying  the 
chyle  to  the  great 
intestinal  vein  (g)^ 
from  which  proceed 
the  singtilar  and 
beautiful  respiratory 
plexuses  (/j,  /<), 
which  are  submit- 
ted to  the  influence 
of  the  sea  water  by 
contact  with  the 
branchial  trees  («,  n). 
The  aerated  blood 
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is  eonveyed  to  a  great  mesenteric  trunk  (t,  i),  or  branchial  vein,  from 
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which  it  is  transmitted  to  the  parietes  of  the  bodj,  and  returns  bj 
the  cloaca  to  form  the  intestinal  artery. 

The  ampulla  Poliana  {fig,  100.  a),  which  is  double  in  some  speciei^ 
is  the  homologue  of  the  blind  sacculi,  which  supply  the  circular  chyla- 
queous  canal  sending  off  the  vessels  to  the  bases  of  the  feet  in  the 
Asterias.  It  transmits  its  fluid  principally  to  an  annular  reservoir 
round  the  pharynx  {b\  whence  proceed  the  canals  of  the  oral  ten- 
tacula  (c)  and  those  supplying  the  tubular  tentacles  or  feet  which 
perforate  the  coriaceous  integument.  The  latter  canals  (dy  d)  run 
down  in  the  interspaces  of  the  t>air8  of  muscles,  and  distribute  trans- 
verse branches  to  the  bases  of  the  tubes  as  they  proceed. 

Hunter  *  has  figured  certain  glandular  sacs  opening  into  the  stem 
of  the  hollow  branchiae  («,  n),  which  may  be  regarded  as  a  rudi- 
mental  form  of  an  excretory  or  renal  system. 

The  chief  divisions  of  the  nervous  83r8tem  consist  of  the  pharyngeal 
ring,  which  is  closely  applied  against  the  inner  side  of  the  circle  of 
calcareous  plates,  and  of  the  flattened  chords  which  proceed,  external 
to  the  chylaqueous  canals,  along  the  groove  or  middle  interspace  in 
each  of  the  pairs  of  longitudinal  muscles.  These  muscles  are 
attached  anteriorly  to  the  calcareous  plates,  are  arranged  in  five 
pairs  in  most  Holothuriss,  and  traverse  the  interior  of  the  integument 
of  the  animal  through  its  entire  length.  The  integument  is  also 
acted  upon  by  transverse  fibres  which  run  external  to  the  longitn* 
dinal  bands;  and  such  is  the  irritability  of  this  muscular  system, 
that  when  the  Holothuria  is  disturbed  or  captured  it  will  sometimes 
eject  its  sand-laden  intestine  and  most  of  the  other  viscera  by  the 
cloacal  aperture,  and  very  effectually  unfit  itself  for  anatomical  in-* 
vestigations.  The  longitudinal  muscular  bands  are  more  numerous 
in  the  Sipunculus,  and  the  stratum  of  circular  fibres  is  more  dis- 
tinctly developed.  The  disposition  of  the  nervous  system  accom- 
panies this  progress  towards  the  annulose  type,  and  only  a  single 
ventral  chord  is  sent  off  from  the  pharyngeal  collar,  f 

The  generative  organs  of  the  Holothurin  constitute,  as  in  other 
Echinoderms,  a  very  considerable  part  of  the  abdominal  viscera  in 
the  breeding  season;  but  they  present  a  more  complicated  form: 
they  consist  of  a  branched  system  of  long  and  slender  cascal 
tubes  (fig.  100.  r),  opening  externally  by  a  single  common  canal, 
whose  orifice  is  near  the  mouth.  The  generative  organ  of  the  male 
Holothuria  resembles  that  of  the  female  in  structure ;  but  the  sexes 
may  be  readily  recognised  at  the  breeding  season  by  the  different 
character  of  the  contents  of  the  tubes,  which  are  white  or  colourless 
in  the  male,  whilst  the  ova  present  a  reddish  or  yellowish  hue. 
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developed  ;  and  thus  is  arranged  the  combination  of  male  with  female 
parts,  which  we  shall  find  not  uncommon  in  the  hermaphrodite 
mollusks.  In  all  other  known  Echinoderms,  the  male  organs  are 
peculiar  to  one  individual,  and  the  female  organs  to  another  ;  but  the 
organs  are  very  much  alike  in  both  sexes,  and,  with  the  modifications 
which  have  already  been  described,  are,  upon  the  whole,  simple  in 
their  structure. 

With  regard  to  the  development  of  the  typical  star-fishes,  we  are 
indebted  for  our  first  and  chief  information  to  Sars.*  This  con- 
scientious observer  found,  in  the  month  of  March,  great  numbers  of 
a  small  kind  of  star-fish  crouching  under  the  rocks  at  low  water,  of 
different  forms,  but  generally  with  their 'disc  forming  a  prominent 
dome  above  them.  The  ova,  as  they  become  matured  in  this  species, 
assume  a  comparatively  large  size,  break  out  of  the  ovisacs,  and 
escape  by  the  genital  apertures  near  the  mouth*  The  ova  are  of  a 
bright  red  colour,  and  are  received  and  incubated,  as  it  were,  in  the 
hollow  of  the  dome-shaped  disc;  and  in  them  Sars  traced  almost 
every  stage  in  the  development  of  the  species.  He  commenced  his 
observations  in  the  month  of  February,  1840,  at  Floroe,  in  Nor- 
way, on  the  species  called  Echincuter  sanguinolentus.  This  has  ten 
ovaria,  usually  ivhitish,  then  reddish,  as  the  ova  are  matured.  In 
these  the  chorion  is  strong  and  elastic,  the  yolk  finely  granular; 
there  is  no  white  or  albumen.  The  nucleated  germinal  vesicle  is 
large  and  distinct,  and  usually  escapes  entire  when  the  egg  is  burst 
under.compression.  The  ovaria  are  grape-like  bunches  of  pyriform 
sacs,  with  ova  of  different  sizes  :  they  being  progressively  developed. 
In  each  ovarium  two  or  three  eggs  were  as  large  as  all  the  rest  put 
together.  The  thin,  colourless  chorion  immediately  invests  the  yolk, 
which  is  blood-red  and  opaque  in  the  big  eggs :  in  the  small  ones  it 
is  lighter  coloured  and  clear,  permitting  the  germinal  vesicle  and 
nucleus  to  be  seen.  In  March  he  found  seven  or  eight  large  eggs  in 
each  ovarium. 

How  they  escape  was  not  seen ;  the  genital  pores  were  too  small 
to  be  clearly  discerned.  Tiedemann  thinks  the  eggs  escape  by  the 
pores  above  the  five  dentated  processes  of  the  mouth,  and  Sars  thinks 
so  likewise ;  because  he  once,  by  pressure  on  the  body  of  the  star* 
fish,  saw  a  red  slimy  filament,  like  the  yolk  of  squashed  eggs,  come 
out  of  a  little  hole  near  the  angle  of  each  ray,  above  the  mouth,  and 
because  the  ripe  eggs  are  always  at  the  upper  or  free  end  of  the 
ovarium,  and  not  likely  to  traverse  the  stem  or  radius  of  the  oviduct 
which  he  deems  a  tendinous  band.    Most  likely  they  fall  into  thQ 
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Tha  flBpngaaled  egjgi  fcare  Hie  dhorion  ffffp^sB^  firamfhejoft 
«r  ji'iM  waM  bj  a  dear  iiod.  la  dw  aacladed  ofva  the  genunal 
vaMle  kad  diaappeared,  aad  tlie  jolk  was  aeen  in  diftivai  aiagea  of 
fymum.  On  tine  Tth  Mardi,  at  9  a-ai^  the  jolk  was  aeen  m  twt 
beialipberical,  not  qtale  diatnet  paits*  In  the  eresui^  eaeli  9t  \ 
tfceae  were  atmHarij  diTided,  fonaiag  foar  lobeL  At  tea  Ibe  nasi 
mfOinmg9  eftch  lobe  bad  i^gain  diiided,  and  tltaa  eigkt  spherada  wave 
aeen.  In  tbe  ereoiag  of  tJie  Stlt  aU  the  mrfaee  of  tbe  germ^maia 
reaemUed  a  malbeny.  On  tbe  17tli  Marcb  tbe  ciiiated  eabfToa 
weie  ieetty  OTal»  blood-red,  swimmiiig  about  tbe  mar&iipial  cbamber^ 
Tbcjr  ibwt  develop  two  tuberdet^  then  four  tQberde%  wbicb  are 
dliaied*  aad  tbej  swim,  roltfer-like,  with  tUese  forwards.  AAer- 
warda  tbe  bodj  becomes  depressed.  The  next,  wbicb  maj  be  called 
tbe  peataefioal  or  pdjpe,  stage^  wss  noticed  on  tbe  3rd  April,  when 
tbe  emhrjo  atar^^bes  presented  an  organ  of  adhesion  or  pedicle,  well 
derdoped  ;  it  is  tbort,  cjlindricnl^  with  thick  round  ends  ;  four 
sborter  prooeaiea  then  bad  out,  and  a  fifth  much  smaller  tubercle. 

Tbe  smoolb  doraal  surface,  and  the  veutral  surface  of  tbe  flattened 
bodj,  may  be  now  recognised,  with  Bve  double  rows  of  small,  clear 
leberelei^  radiating  from  the  centre :  these  become  the  ambulacral 
tentacles^  The  joung  attach  themselires,  like  crinoids,  bj  tbeir 
quadrilld  pedicle  to  tbe  side  of  the  glass  vessel  into  which  they  maj 
be  [»ut.  When  detached,  ihej  still  can  swim  round  the  bottom  of 
the  gloss  by  the  cilia  covering  the  pedicle  and  body,  with  the  pedicle 
foremost.,  and  the  belly  upwards.  When  turned  with  the  back 
upwards  they  lay  still.  The  whole  yolk  is  here  converted  into  the 
gorm-mass,  and  then  into  the  embryo. 

Oil  the  15th  April,  five  corners  began  to  grow  out  of  the  periphery 
of  the  depressed  body,  Ambulacral  tentacles  protrude  from  the 
tubercles.     At  tlie  under  surface  and  outer  end  of  each  of  the  arms 
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or  rays  one  sees  a  small,  round  tubercle,  which  is  persistent,  and, 
from  its  constancy  and  early  manifestation,  important :  it  becomes 
the  so-called  eye.  The  back  is  now  convex,  and  raised  dear  from 
the  arms.  The  quadri£d  attaching  pedicle  still  remains  in  the  inter- 
space between  two  of  the  arms>  more  towards  the  ventral  than  the 
dorsal  surface. 

On  the  23rd  of  April  the'  five  arms  were  very  distinct,  the  ambu- 
lacral  tentacles  were  longer,  and  now  the  young  creeps  by  means  of 
them,  and  alters  its  position  when  turned  on  its  back.  The  attaching 
pedicle  contracts,  and  becomes  softer  and  more  contractile.  On  May 
the  1st  it  was  reduced  to  two  tubercles,  and  was  more  on  the  dorsal  side, 
at  the  angle  between  the  two  arms ;  and  the  hitherto  bilateral  asteroid 
now  becomes  the  completely  radiated  animal ;  the  five  arms  lengthen, 
their  small  spines  grow,  the  ciliograde  powers  are  lost,  and  the  young> 
star-fishes  creep  away,  and  slowly  acquire  the  mature  dimennons. 

In  the  larva  of  another  species  of  star-fish,  to  which  larva  Miiller  * 
gave  the  name  of  BipinnariOj  the  long  oblique  fissure  lodging  the 
mouth  is  bordered  by  a  ciliated  fringe,  and  there  is  a  distinct  circular 
band  of  cilia  above,  and  in  front  of  the  oral  fissure,  the  anterior 
boundary  of  which  is  formed  by  the  hind  part  of  that  band.  The 
intestine  is  short  and  straight.  The  anus  opens  on  the  ventral  surface 
of  the  body.  The  Bipinnaria  grows  to  the  length  of  an  inch  or 
more,  chiefiy  by  the  increase  of  the  anterior  part  of  the  body,  long 
processes  being  developed  from  the  ciliated  fringe  and  band,  which 
form  two  fin-like  expansions  one  above  the  other. 

The  next  series  of  metamorphoses  which  claim  our  attention  ar6 
those  which  Miiller  has  traced  out  in  the  genus  Ophiura.  In  1885, 
this  eminent  physiologist  and  naturalist  visited  the  coast  at  HeligoUndi 
accompanied  by  some  of  his  pupils,  and  they  occupied  themselves  in 
investigating  the  minute  forms  of  marine  animal  life.  They  met 
with  some  singular  forms,  and  the  results  of  their  researches  were 
communicated  to  the  Academy  of  Sciences  at  Berlin.f  Three  minute 
animals,  about  1*4  or  1-2  line  in  diameter,  were  referred  respectively 
to  the  genera  Mesotroch<h  VexillariOy  and  Hutetu.  The  first  of  these 
afterwards  proved  to  be  the  larva  of  a  Nereis,  the  second  of  an 
Ascidian,  and  the  third  of  the  Echinoderm  in  question. 

The  Pluteus  is  compared,  in  form,  to  an  easel ;  it  is  better  adapted 
than  the  larv»  of  the  Asterias  ior  observation,  because  it  is  more 
transparent.  It  resembles  the  larvae  of  the  ordinary  star^fishea  iti 
having  an  elongated  form,  traversed  by  a  straight  intestine  with  the 
mouth  at  one  extremity  and  the  anus  near  the  other,  and  in  beii^ 
girt  by  a  ciliated  fringe ;  but  the  fringe  passes  above  the  mouth  und 
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attracted  by  the  circumstance  of  some  of  the  minute  Plutei  differing 
from  others  in  certain  proportions*  in  having  three  processes  with  cal« 
careous  rods  developed  from  the  hinder  convexity  of  the  larva,  and 
by  the  development  of  particular  tub^rdes,  richly  beset  with  cilia« 

y.  Baer,  who  led  the  way  in  experimenting  and  observing  the 
artificially  impregnated  eggs  of  the  Sea-urchins  {Eehtnus}^  found 
them  to  be  first  developed  into  a  ciliated  monadiform  animalcule,  like 
that  of  the  Medusa  auriia.  In  the  course  of  four  days  this  had  be 
come  metamorphosed  into  a  minute  transparent  acalephoid  creature 
which  he  compares  to  a  Beroe.  Here  his  observations  ceased,  the 
animals  having  perished  on  the  fifth  day. 

In  the  autumn  of  1845  Professor  Miiller  discovered  in  the  sea  at 
Heligoland  the  transparent  acalephoid  animalcules  which  have  been 
mentioned,  referable  by  this  mode  of  motion  to  the  ^ciliograde? 
order,  one  of  which,  from  its  singular  form,  scmiewhat  resembling. a 
painter's  easel,  he  described  under  the  name  of  PluUus  paradoxus. 
Returning  in  the  following  year  to  the  same  field  of  observation, 
he  pursued  with  admirable  detail  the  change  of  this  species,  as 
above  described,  into  an  Ophiura  (Brittle  star-fish)^  and  that  of  the 
other  kind  of  Pluieus  into  an  Echinus.  > 

The  larva  of  the  Echinus,  like  that  of  the  Ophiura,  has  a  quadri- 
lateral pyramidal  body,  of  a  colourless,  transparent,  or  hyaline  sub- 
stance, dome-shaped  behind,  expanded  and  slightly  excavated  in 
front,  the  comers  of  which  are  prolonged  into  straight  slender  lega^ 
strengthened  by  filiform  rods  of  calcareous  matter,  reaching  to  th€i 
summit  of  the  dome :  the  mouth  is  prolonged  from  the  middle  of  the 
concave  base  into  a  four-sided  proboscis,  the  angles  of  which  are  also 
produced  into  slender  processes  shorter  than  the  four  outer  legs. 
Were  the  creature  to  stand  upon  these  it  would  resemble  a  table^dock 
case,  and  the  proboscidiform  mouth  and  appendages  might  swing  to 
and  fro  like  the  pendulum.  The  larva  is,  however,  a  free-swimming 
animalcule,  and  propels  itself,  with  the  base  and  prooesses  forwards, 
chiefly  by  means  of  strong  cilia,  grouped  on  two  tubercles  at  the 
sides  of  the  dome,  which  are  compared  to  epaulets :  but  it  is  also 
provided  with  a  fringe  of  cilia,  girting  the  dome  and  continued  upon 
all  the  columns,  up  one  side  and  down  the  other.  The  mouth  is  sur- 
rounded by  a  distinct  band  of  cilia :  it  is  triangular  and  bounded 
inferiorly  by  an  oblique  projecting  lip.  In  the  centre  of  the  dome- 
shaped  body  is  a  subspherical  granular  mass,  apparently  the  remnant 
of  the  primordial  germ-mass,  which  Professor  Miiller  calls  the 
stomach,  and  which  doubtless  surrounds  the  cavity  to  which  the 
mouth  and  pharjmx  conduct. 

The.  first  evidence  of  the  change  to  the  Echinus  is  the  formation 


♦Ivii  ^^9Mk  fUmK  \^^^  ^Hl»te^%  r»anlt  fiwm  Uie  ocnti^  of  thia  diflc, 
WA  lliHr  0ttr*«iHi«i  €a|iMi4  iaia  circles  with  a  double  ouUine. 


^  .  ;.^.\^.  f;^„«fli  tli^  teiM  «f  Hi  mnj  hoUow  tentacle^  like  tboa« 

<    imwwImWwiJ  ports  of  the  adult  Echinus^  but  which 

M.K  not  #•  !«i«'»»  OfipOiil©  this  disc  there  appear  upon  iha 

.r  Hf*1o,  fWA  fFiniii***  pedicellaria,  which  exhibit  span- 

.,  rtiM  <vf  th<^  ptncera  opening  and  shutting.     Tba 

Jif A;f i5Miivi>Q  ^t9a»^  a&fcndbg  OTer  the  cellular  mass  to  which 

^  .^^^^j^H^  nrttht  Wti  4t^^P^  tubercles,  which  push  through  tho 

\^  /Mitt^  and  are  transformed  into  spines  and 

•^hidK  together  with  the  pedicellarliftj  manifest 

I  1,^  MftHtani  unci  combine  these  seemingly  voluntary 

f  ni;t!ic    contintied   vibrations   of    the   ciliated 

^  that  it  can  now  both  swim  and  creep:  the 

J^  %n  mIiU  rtimatns  in  its  first  position  and,  like  the  oeso* 

,  ii  ai^tii^n*     I^T  ^^^^  time  the  disc  has  irrown  over  half 

.     ,  N^i.»,Ur  a|*hAr«  little  of  the  larva  remains,  except  some  of  the 

!%  and  the  mouth  is  obliterated:  the  perforated 

I  rncd  round  the  pentagonal  space^  as  yet  imper- 

,  utintrn  of  the  original  disc*  determining  the  anal  pole  of 

n(t  i»|iiiiy  globe,  close  to  which  the  cicatrix  of  the  ruptur^ 

Jii*  IMuteui  is  completed  by  the  so-called  " mad repon form 

iih  of  the  Echinus  is  quite  distinct  and  remote  from 

.  */j;  it  is  Itrsl  indicated  in  the  centre  of  the  naked 

T"^Hl»M**i  iiHihity  of  the  granular  sphere  by  the  formation  of  the 

w^yi  iv^i^nitis  lif  the  five  characteristic  dental  masses  of  the  Kckinus, 

p^S^r^i  which  soon  acquire  a  considerable  length,  contain  a  cal- 

,    tiMiwiirk.     When  the  latter  is  perfectly  developed,  it  forms 

^>^vut>l  prijim  placed  within  the  cylindrical  skin  of  the  spine, 

M^iilita  of  a  regular  calcareous  lattice-work,  terminating  a*t 

IV  in  minute  teeth.     The  horizontal  arrangemejit  of  the 

,    ik  of  the  spine  is  radiate.     Before  the  framework  of  the 

\\\M^  fur  developed,  when  it  first  appears,  it  has  exactly  the 

)|  «  ^iidelabrum.     The  basis  of  the  framework  of  the  spine  is 

with  six  rays,  from  the  centre  of  which  there  arises  a 

h  immediately  subdivides  into  other  branches  which 

iintc-     The  segments  of  the  delicate  nascent  shell  of 

gmwtng  into  tentacles  and  spines  cannot  be  considered 

Ml  it  plates  of  the  shell,  but  at  the  foundations  of  the  ten- 

The  outer  skeleton  is  at  length  completed  by  the 

,1,  union  of  tho  **ambulrirral '^  and  **  interambulacral,'' 

plates,  and  by  the  less  regular  *'  orol  **  plates. 
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Thus  the  Echinus  is  completed^  and  becomes  either  a  male  by  the 
development  of  testes,  or  a  female  by  that  of  ovaria.  The  ova  are 
impregnated,  and  develope  the  monadiform  embryo :  this  is  probably 
metamorphosed  into  the  beroiform  Pluieuty  which  produces,  by 
*^  metagenesis,"  rather  than  by  ^'metamorphosis,*  the  young  Eehinus^ 
which  completes  the  cycle  by  growing  into  tlie  oviparous  adult.* 

In  so  defining  the  nature  of  this  process  in  the  work  above  cited, 
I  wished  to  express  the  fact,  subsequently  recognised  by  an  able  com- 
mentator on  Miiller's  original  and  admirable  observations  fy  vis-y  that 
the  new  or  echinoid  structure  throws  off  a  large  part  of  the  pluteal 
larva  in  and  from  which  it  was  developed. 

In  the  metamorphoses  of  the  Holaihurim  the  nascent  mature  form 
unites  with  the  larval  one,  no  part  of  the  latter  being  thrown  off. 
The  larva  of  the  Holoihur%€B  is  bean-shaped,  convex  dorsad,  concave 
ventrad.  An  irregular  transverse  fissure  answers  to  the  hilnm  of  the 
bean,  and  in  this  the  mouth  is  placed.  The  margins  of  the  fissure 
are  edged  by  a  ciliated  fringe  exactly  similar  to  that  of  the  PhUeuM. 
The  anus  opens  on  the  ventral  surface  of  the  larva,  behind  the  fringe, 
which  forms  a  continuous  circle,  the  anterior  part  of  which  is  bent 
back  to  form  the  anterior  margin  of  the  fissure  in  which  the  mouth 
lies.  In  the  course  of  its  growth  the  margins  of  the  larva  and  the 
corresponding  parts  of  the  fringe  are  thrown  into  numerous  lateral 
processes,  which  give  it  a  scolloped  appearance.  A  portion  of  the 
dorsal  integument  of  the  larva  is  inverted  towards  the  stomach,  as  a 
tube  terminated  by  an  enlarged  globular  extremity,  whose  cavity 
communicates  with  the  exterior  and  is  ciliated  internally.  The 
Vesicle,  which  terminates  this  tube,  now  sends  forth  processes,  form* 
ing  a  *' rosette,"  which  lies  close  upon  the  stomach.  The  rosette 
becomes  the  circular  canal  of  the  chylaqueous  system,  from  which 
ceeca  are  given  off  anteriorly  to  form  the  tentacles,  posteriorly  to  form 
the  chylaqueous  canals.  The  former  mouth  of  the  larva  is  obliterated, 
and  a  new  and  permanent  one  is  formed  in  the  centre  of  the  circular 
canal  and  its  tentacular  appendages.  In  the  meanwhile  the 
Polian  vesicles  are  developed  from  the  circular  canal,  and  a  deposit 
of  calcareous  matter  takes  place  round  a  portion  of  the  tubular  canal, 
from  whose  globular  extremity  the  chylaqueous  system  has  been 
formed.  That  portion  of  the  tubular  canal  which  lies  between  the 
dorsal  parietes  and  the  calcareous  deposit  dies  away,  and  the  re- 
mainder hangs  freely  from  the  circular  canal  as  the  ''sand  canaL" 

The  rose-coloured  ova  of  the  Sipuneulus  nudus  are  found  in  vast 
numbers  in  the  breeding  season  floating  in  the  chylaqueous  fluid  of 

•  XXX.  p.  22.  t  CLXXVIL  p.  9. 


LtCTVRE   X. 


mi  e^^lij*  Tbe  males  sbow  to  the  same  fluid  a  like 
\  of  iiibdep(re»e4  roundish  heaps  of  aggregated  resides  or 
cclla  faO  of  gnmolar  natter.  These  are  the  formative  cells  of  the 
lygrwiatoaea  :  Ihef  conliatte  ic  this  undeirelo(>ed  state  all  the  winter^ 
kal  ifi  thft  miif  ipring  the  surface  of  the  granuUir  masses  begins 
to  b#  btaei  with  mintite  filaments,  and  in  the  middle  of  April  the 
]IWrmt«d  ipennatoxoa  abound  in  the  chjlaqueous  fluid. 

Tl^  chorion  of  the  mature  or  a  is  uneven,  and  its  surface  h  htset 
wttli  ohlong  nucleated  cells;  the  yolk  is  inclosed  hj  a  Arm  mem' 
brana  vitelli,  with  a  facetted  surface,  like  the  cornea  of  insects:  it  ta 
dirided  by  some  limpid  fluid  from  the  chorion.  The  yolk  is  minutely 
graaiilar,  and  contains  a  clear  germinal  vesicle  with  a  solid  nucleus. 
The  iimbryo,  when  develofxjtl,  carries  out  with  it  part  of  the  peculiarly 
facetted  vitelline  membranep  of  which  it  afterwards  disembarrasdes 
Mself*  The  broad  scmicirculnr  head  of  the  larva  supports  a  pair  of 
ptgdi«Ai*er  eye*specks  behind  whieli  it  is  encircled  by  a  ciliated  band. 
Thm  al&iiMintAry  canal  fluatis  in  an  abdominal  cavity  :  the  pharynx  is 
diridi»d  by  a  e<mitrJctioii  from  the  capacious  stomach :  a  short  and 
narrow  intestine  is  twice  bent,  its  last  fold  returning  to  terminate  on 
the  dorsal  iurfAcc  of  the  body,  and  thus  early  indicjiting  the  charac- 
tcrbttc  position  of  the  vent  In  the  adult.  The  two  blind  sacs  are 
ihorl  and  wide,  and  open  un  the  sides  of  the  ventral  surface  of  the 
abdomen.  Tiicre  i*  a  pair  of  small  spherical  glands  beneath  the 
pharynx,  with  a  Ciinimun  duct  which  opens  just  in  advance  of  the 
ciliated  band.  A  pair  of  retractor  muscles  proceed  from  both  the 
dorsal  and  ventral  aspects,  to  be  inserted  Into  the  band  for  its  re* 
traction,  and  five  or  six  more  feebly  developed  transverse  bands  for 
the  eanitHction  and  elongntion  of  the  body  may  be  discerned.* 

Thus  it  ftppearti  tlmtt  diversified  as  are  the  mature  forms  of  the 
Kchinodermata»  each  begins  its  free  and  locomotive  existence  as  an 
oval  eiliiiti^d  hirvii,  like  a  polygostric  animalcule:  the  variations  in 
the  subsequent  metamorphoses  are  thus  summed  up  by  Professor 
MUllcr ;  — 

•*  J* — The  change  of  the  bilateral  larva  into  the  Echinoderm  takes 
place  when  the  larva  yet  remains  an  embryo,  and  is  wholly  covered 
by  cilia,  tvithout  a  ciliated  fringe,  A  part  of  the  body  of  the  larva 
takes  on  the  form  of  the  echinoderm  :  the  rest  is  absorbed  by  the 
latter.     (A  part  of  the  Steilerid<p,  e.  g.,  Echinaster^  Asteracanthion,) 

**2, — The  change  of  the  bilateral  hirva  into  the  Echinoderm  takes 
place  when  the  larva  is  perfectly  organised  ;  that  is,  possesses 
digestive  organs  and  a  ciliated   fringe.      The   Echinoderm   is  con^ 
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Btructed  within  the  Pluteus,  like  a  picture  upon  its  canvas,  or  a 
piece  of  embroidery  in  its  frame,  and  then  takes  up  into  itself  the 
digestive  organs  of  the  larva.  Hereupon  the  rest  of  the  larva  dis- 
appears (OpAiiira,  Echinus),  or  is  thrown  gS  {Bipinnaria), 

"  3. — The  larva  changes  twice.  The  first  time  it  passes  out  of  the 
bilateral  tjpe  with  the  lateral  ciliated  fringe  into  the  radial  type,  and 
receives,  instead  of  the  previous  ciliated  fringe,  new  locomotive  larval 
organs,  the  ciliated  rings.  Out  of  this  pupa  condition  the  echinoderm 
is  developed  without  any  part  being  cast  off.  {Holothuria  and  some 
SieUeriday 

Prof.  Miiller,  whilst  prosecuting  his  researches  into  the  develop- 
ment of  the  soft  vermiform  species  of  Echinodermata,  at  Trieste,  in 
August,  1851,  was  further  rewarded  by  the  discovery  of  a  very 
singular  phenomenon.  In  upwards  of  seventy  instances  he  found  in 
the  Synapta  digitata  a  tube,  one  half  green,  the  other  half  yellow^ 
and  in  more  than  twenty  instances  this  tube  was  organically  con- 
nected by  both  ends  with  the  Synapta,  —  viz.  to  the  head  by  its 
yellow  half,  whiere  the  tube  opens  externally,  and  to  the  intestine  by 
its  green  half,  which  contains  an  inttis-suscepted  portion  like  the  ia* 
verted  finger  of  a  glove.  The  vessel  which  runs  along  the  free  side 
of  the  intestine  gives  off  a  branch  which  surrounds  the- open  end  of 
the  intus-susception.  Where  the  sac  is  embi^ed  by  the  vessel  it  is 
enlarged  into  a  sort  of  knob,  from  the  middle  of  which  the  involuted 
portion  passes  into  the  interior  of  the  sac  The  place  of  attachment  is 
a  short  way  behind  the  muscular  stcAnach.  Sometimes  there  are  two 
or  three  such  tubes  so  attached  one  behind  the  other :  their  outer  sur- 
face is  not  ciliated,  like  the  ordinary  branched  ovarian  tubes  of  the 
Synapta:  they  exhibit  slow  vermicular  motions  executed  by  a 
muscular  coat  consisting  of  transverse  and  longitudinal  fibres ;  the 
inner  surface,  save  at  the  green  portion^  presents  a  lively  ciliary 
motion,  and  in  this  ciliated  part  the  sperm-sacs  and  ovarium  lie  free. 
The  ovarium  is  a  closed  tubular  capsule,  ciliated  upon  its  whole  outer 
surface :  it  contains  orange-coloured  ova,  attached  to  short  branches 
from  a  central  stem :  each  ovum  consists  of  a  yolk,  and  a  germinal 
vesicle  ^^th  of  a  line  in  diameter  :  when  fully  developed  the  ovarian 
tubule  is  rent,  and  the  ova  escape  into  the  common  tube.  The  sperm 
sacs  are  from  eight  to  eighteen  in  number,  and  lie  free  in  a  rather 
wide  portion  of  the  common  tube :  they  are  lined  by  a  layer  of  cells, 
and  are  filled  with  Spermatozoa.  These  are  liberated  by  solution  of 
their  formative  sacs,  and  impregnate  the  similarly  free  ova.  The 
progressive  geometric  fission  of  the  yolk  follows :  a  ciliated  embryo 
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b  d9T6lopad|  which  af^erwardB  acquires  a  shell,  about  ^,,th  of  a  line 
in  citameter,  and  effervesdng  with  acids  :  a  discoid  foot^  like  that  of 
ft  gaatropod,  is  formed,  which  supports  an  operculum  ;  and  a  respira* 
tCNTJoavitj  is  established  like  that  of  a  Pectinibraachiao  :  in  short,  ao 
titinnstakeablc  young  univalve  moUusk  is  the  re^lt  of  the  develop-  j 
tnent  of  the  impn*gnatod  ovn  in  the  tubular  sac — hence  called] 
**mo11iJskigerous"  —  which  Prof.  Miiiler  discovered  in  so  matsj] 
•pcrtim^ns  of  the  Sjfntipitu 

In  two  eaaie*  the  niolltiakigeiicms  mm  waa  found  in  specimens  whicJi ' 
also  poMesseil  the  ortlinarjr  generative  organs  of  the  Synapta^  and  this 
C4H       V      0  mtf ht  kav«  b^en  more  common  bad  not  the  specimens  < 
|u  r  oxunliiatioil  eonsiatod  ontjr  of  those  fragments  of  tho  | 

body  whtoh  r«suU  from  the  uxual  spontaneous  transrerse  fission  which 
(^iMiiws  Mm  i*Mpliir«i  of  thb  tlolothurioid^  The  shell  of  tbe  embryo  so 
ilff«vidit|iHil  iKmni  liHuit  ntai^mbUuMe  to  that  of  the  NaUeOj  and  it  re- 
iiMitM*  to  Ihi  dtfli^rinincHf^  iberofbre,  Itow  the  Mediterranean  species  of 
thai  K^iius  prt»|Migiiio  and  are  doveloji^d. 

'I^hi*  aiiaUtgifi^s  thai  offtir  the  moat  probable  explanation  of  the  oceiir- 
rviico  of  II        '  i<*  in  an  Kchinoderm  also  possessing  the 

iilHtiiiary  g^  i  its  class,  are  such  instances  of  parasi* 

iisnt,  for  iKo  puf|i4Di«Mi  of  development,  as  occur  in  the  lymneus  in- 
fVit4»d  Uy  tlm  ^erc^arial  larvte  of  a  dintoma,  in  the  bee  whicli  hatches 
the  iitreTpM|ptt!iH)utt  larvte*  and  hi  tim  living  caterpillar  which  is  made 
thn  ilmilar  mimory  of  the  ichneumons. 

We  liRVQ  here,  therefore^  probably  a  generic  phenomenon,  which 
relates  more  immediately  to  the  Gasteropoda  than  to  the  EchinO' 
dfrmaia,  and  I  shall  return  to  the  latlex  with  a  few  concluding  words 
on  the  singular  metamorphosis  of  the  Comatul^.  The  ovicapsules 
of  thig  genus,  which  arc  developed  in  each  of  the  pinnro  of  the  long 
and  branched  raye,  at  least  as  far  ns  the  fifteenth  or  twentieth  pair, 
become  distended  with  ova  about  the  month  of  July,  when  they  escape 
by  a  round  aperture,  but  adhere  togethcT  for  a  while,  in  a  cluster  of 
about  one  hundred.  They  have  been  next  observed  diepersed,  and 
attached  in  the  form  of  flattened  oval  discs  to  corallines  and  eea  weed; 
they  then  develope  an  obscurely  jointed  stem,  ending  in  a  clavatc 
head,  which  soon  shows  traces  of  the  arms  and  mouth  with  its 
tentactila.  When  the  column  presents  a  distinct  dividon  into  twenty* 
four  joints,  its  expanded  capital  bears  five  bifurcating  arras»  w^liich 
are  at  first  simple^  but  afterwards  acquire  the  pinnre,  and  subsequently 
the  dorsal  cirri.  Tliey  further  resemble  small  Com  at  u  lie,  in  having  a 
median  mouth  and  a  distinct  lateral  prominent  vent,  as  well  as  in 
their  sulphur-coloured  arms.  These  small  Pentacrines  attain  the 
height  of  about  three-fourths  of  on  inch,   and  were  originally  de- 
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•cribed  hj  their  discoverer*,  to  whom  also  we  owe  the  sabaequentlj 
acquired  knowledge  of  their  metamorphosesy  as  a  new  species  of 
Pentacrinus  (P.  Europ€Bus).  These  small  Pentacrines  entirely  dis- 
appear  in  September,  at  which  season  the  young  Ck)matul89  make 
their  appearance :  but  the  actual  metamorphosis  of  the  Pentacrine 
into  the  Comatule  has  not  yet  been  seen.  The  latter  we  know 
enters  life  as  an  active  ciliated  larva;  it  next  selects  a  suitable 
situation  for  its  sedentary  pentacrinite  stage  of  existence;  and 
analogy  plainly  indicates  that  the  crinoid  capital,  dropping  from  the 
stalk  by  an  act  of  transverse  fission,  becomes  the  Comatula,  which 
thus  a  second  time  assumes  a  free  condition  of  existence  under  its 
mature  form.  Nor  are  these  metamorphoses  a  whit  more  extra- 
ordinary than  those  of  the  gelatinous  MedussB:  nay,  the  parallel 
would  be  extremly  close,  since  we  saw  that  the  Cyansea  entered  life 
as  a  ciliated  locomotive  infusory,  th^i  became  a  sedentary  polype, 
supported  on  a  central  stem,  which  finally  resolved  itself  into  freely 
swimming  aclephans  by  several  transverse  fissions.  Other  highly 
interesting  considerations  arise  out  of  the  predominance  of  the 
Crinoid  forms  over  the  Asteroids,  and  of  the  Cystideoids  over  the 
Echinoids  in  the  secondary  and  palseosoic  formations  respectively ; 
for  the  Crinoids  would  seem  to  be  not  the  only  representatives  of  the 
larvsD  of  actual  species,  if  the  bold  coigecture  of  Prof.  £d.  Forbes  be 
true,  that  the  pectinated  rhombs  of  the  more  ancient  Cystides  answer 
to  the  ciliated  *' epaulettes"  of  the  Pluteus^i  for  in  that  case  the 
pedunculated  Cystidesd  would,  as  old  permanent  forms  of  Echinus- 
larvas,  represent  the  Crinoids  in  the  family  Echinidsd. 

As  we  advance  in  our  survey  of  the  organization  and  metamor- 
phoses of  animals,  we  shall  meet  with  many  examples,  in  which  the 
embryonic  forms  and  conditions  of  structure  of  existing  species  have 
at  former  periods  been  persistent  and  common,  and  represented  by 
mature  and  procreative  species,  sometimes  upon  a  gigantic  scale.:^ 

Summary  of  the  Orders  and  Families  of  the 

Class  ECHINODERMATA. 

Marine,  commonly  free,  repent  animals,  with  the  integnment,  in 
most,  perforated  by  erectile  tubular  tentacles,  hardened  by  a  reticolate 
deposit  of  calcareous  salts,  and,  in  many,  armed  with  spines.  A  vas- 

♦  CLVm  t  CLXXrX.  vol  il  p.  184. 

\  LXXXIY.  (1843),  p.  129.  Y.  Baor  rightly  characterised  the  conine  of  de- 
Yelopment  of  an  individtial  animal  as  **  a  passa^  firom  a  more  general  to  a  more 
special  type.**  Btit,  in  sabstituting  this  mode  or  expressing  the  Idea  broached  in 
the  text,  the  modifier  of  the  phraseology  seems  scarcely  justified  in  claiming  that 
idea  as  "  particularly  his  own."    See  IV.  (1851),  p.  viit 
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i}F#t«m  diallnol  from  tht  objliqueoQS  and  digestiTe 
MMIffP  in  ftdllllnol  Abdominal  oatUj;  in  some  a  distinct 
ff  nrRAni 

Ord<»r  OniNoiDiA. 
i  Wllh  mmlfled  Pigrm  iwpported  temporarily  or  permanently  on 
iIkI  onlimiNioufl  itami    Alimentarj  oanal  with  mouth  and  Tent. 
N»l  nfinna  vary  numtroua  and  diatinot 
i^'nmlly  Km^HifHUM     Body  paraiatent  on  stem. 

Gknart  JbierJim^  PnUaerinus  (moat  of  the 
apaotaa  are  eztlnot). 
(Hiii4flfU9M.  Body  libaralad  Arom  stem  in  the  adults. 
Oenara  Ckmmhda. 

Order  AaTnnoiDBA  (Slar-fiahea). 

fy  radiate  I  Integument  hardened  by  oaloareous  pieces,  and 
I  or  leil  armed  with  spines.    No  dental  apparatus. '  Alimentary 
oifiat  symmetrloal,  and  In  some  without  a  vent 

family  OmiVMnm.  (iiumru,  Ajttropkifton,  Ophiomjxy  Ophio- 
ihr^x^  Ophhmmi^z^  Ophimoma^  Ophio- 
fr^Hi^  Ophioiirrma* 
SfMllMiMI*  Gcntiro,  Lmdia^  ^str^eeten^  Cienodisctts, 
Archmi^r^  SieUmirr^  Ajdroffoniufn,  Ore- 
aMierf     Pitraiier^    AiteriscuSf     Culcita, 

osier,  Asteracanthion, 

Order  Cystoidea. 

Hatfy  spht^rold,  incased  in  a  crust  of  inflexibly  joined  calcareous 
pieces )  and  supported  on  a  jointed  stem. 
(All  the  species  are  extinct) 

Order  Echinoidka  (Urchins). 

Bodif  spheroid  or  discoid,  incased  in  a  crust  of  inflexibly  joined 
calcareous  platea»  and  armed  with  spines.  Dental  system  complex, 
forming  a  part  called  *  lantern.*  Intestine  convoluted,  with  a  distinct 
vent 

Family  Cly^sjstmjdm.    Genera    Ciypeaster,    Scutelioy   Encope, 

Rotuloy    Lobophora,    Echinocyamus, 
MeUUa^  Bckinanthus. 
EcmstDM.  Genera  Echinus^  Cidaris. 

SFATJSOiDA        (ienus  Spaiangui. 
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Order  Holothttbioibea  (Sea-CDCumbers). 

Body  vermiform;  integument  flexible,  with  scattered  reticulate 

calcareous  corpuscles,  and  a  rudimental  *^  lantern."    Intestinal  canal 

convoluted,  vent  terminaL    Respiratory  organ,  an  anal  ramified  tube. 

Ywaiilj  ffoLOTHURiiDJB,     Genera  Hotoihuria^  Pentactes,  Bohad* 

schia,  Cladalabe*. 
Synaptidjb.         Grenera  Synapta^  Chirodota. 

Order  Sipungtjloidea. 

Body  vermiform;  integument  without  calcareous  corpuscles,  and  not 
perforated  by  tubular  tentacles.  Intestinal  canal  convoluted,  vent  at 
the  fore  part  of  the  body.    No  respiratory  organ. 

Family  Sipunculidx.    Genera  Sipunculus^  Phascolosoma, 
EcmuRiDjE.       Genera  Echiurus^  Thalauema. 
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AMKULATA« 


In  both  the  infusorial  and  entozoic  classes  the  body  assumes  a  more 
perfect  linear  and  bilateral  form  as  the  species  advance  in  the  scale 
of  organisation ;  and  we  have  seen  in  the  subjects  of  the  preceding 
discourse,  that  even  the  typical  radiated  class  of  the  zoophytic 
province  conducts  by  the  holothurian  and  sipuncular  families  to  the 
vermiform  class  of  the  articulated  province,  in  which  the  vegetative 
principle  of  development,  by  the  frequent  repetition  of  similar  parts, 
is  still  conspicuously  manifested,  but  exercises  its  energies  in  a  linear 
direction,  and  forms  successive  segments  from  before  backwards. 
We  find,  in  fact,  at  the  lowest  step  of  the  great  homogangliate  series 
of  the  Animal  Kingdom  an  extensive  group  of  vermiform  animals, 
some  of  which  very  closely  resemble  the  trematode,  and  others  the 
nematoid,  Entozoa,  and  all  are  devoid  of  jointed  limbs:  but  they 
possess  a  distinct  circulating  system  of  arteries  and  veins,  and  in 
almost  all  the  species  the  blood  is  red.*    They  have  therefore  been 

*  The  first  notice  of  this  colour  of  the  blood  in  an  aaeOid  I  beHere  to  be  dne. 
to  Pallas :_ 

''Ibi  trans  cntem  distincte  apparet  stria  alMcans— qiiam  vena  seqiiBlis,  rubrOf 
roaximam  partem  sinisterior  comitator." 

**  IntesUuo  primo  longitadinaltter  ezterius  adnascitnr  ductus  cimsiis,  snbflexnosiiB, 
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called  **  red-blooded  worms,**  **  vers  h  sang  rouge,'*  and  *'  anellideST* 
bj  tlie  French  naturalists;  in  Latin  Annttlata,  from  annnluSf  a  little  I 
riugy  because  the  entire  bodj  of  these  worms  la  made  up  of  a  suc- 
eeaeion  of  segments  like  litile  rings. 

The  mind  is  not  easily  liberated  from  the  sway  of  opinions  that 
have  long  been  held  as  authoritative:  although  Cuvier  recognised j 
the  exaggerated  importance  of  the  zoological  cliaracter  derived  byj 
Aristotle  from  the  colour  of  the  blood,  yet  the  judgment  of  the  great] 
modern  reformer  of  zoology  continued  to  be  so  far  biassed  by  that  cha*| 
racter,  that,  in  hia  latest  edition  of  the  **  Rcgne  Animal,"  he  continued  ] 
to  place  the  anellids,  on  account  of  the  colour  of  their  circulating  J 
fluid,  at  the  head  of  the  articulate  series,  above  the  crustaceans,  f 
above  the  arachnidanSj  and  above  the  insects,  whose  transitory  larval  I 
condition  these  apodal  worms  seem  permanently  to  represent. 

The  body  of  an  anellid  is  always  long,  soft,  and  subdivided  into  a  , 
number  of  segments,  for  the  most  part  closely  resembling  or  identical 
with  each  other*     In  many  species  the  first  segment  is  so  slightly 
modified  as  scarcely  to  deserve  the  name  of  head ;  in  others  it  is  th©  j 
Beat  of  higher  senses  and  more  varied  functions,  and  is  at  once  recog- 
nisable as  the  cephalic  segment. 

In  the  lowest  forme  of  the  Annulata  the  locomotive  instrumental 
are  suctorial  discs,  and  the  alimentary  canal  adheres  to  the  integument, 
as  in  the  Trematode  worms;    but  the  suckers  are  always  two  in 
number,  and  are  terminal  in  position.     The  species  next  in  order 
have  the  alimentary  canal  less  extensively  attached,  and  have  stiff 

hairs  or  minute  hooks  projecting  from 
/  each  segment.    In  the  higher  Anellides 

the  alimentary  canal  is  freely  suspended 
in  an  abdominal  cavity,  and  moat  of 
the  species  have  on  each  side  of  the 
body  a  long  row  of  tufts  of  bristles,  sup- 
port^jd  upon  fleshy  tubercles,  which  in- 
dicate the  rudiments  of  lateral  and 
symmetrical  locomotive  members  (Jitf, 
101 ,)  There  are  often  two  such  organs, 
AphroOita,  placed   one  (a)  above   the   other   (^), 

on  each  side  of  the  segments  of  the 
body.     In  some  apeciea  the  two  setigerous  tubercles  are  confluent^ 

fwbtfrimo  Hqaore  pleuus,  qui  mihi  cordis  mi  tmnci  eystematis  yaflculosl  vice  fimgi 
videtur/* 

"  Vujt  rubrum  iiitestinalem  trnctttm  concomitaaB  in  hac  Ncrcide  {N.  conehHega} 
HHjuc  IM!  cytindrtirta  inveni,** 

Anatonju  Ncneidia  Btlgicn?,  in  **  Hi^C4jllanea  Zoologica,"  v.  pp.  128,  129»  (17^6.)  ^ 
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and  in  almost  all  there  exists  at  the  base  of  each  a  long  soft  ^lin- 
drical  appendage  (c).  The  bristles  in  the  setigerous  anellids  are 
their  chief  organs  of  locomotion^  and  at  the  same  time  their  weapons 
of  attack  and  defence.  Thej  are  generally  sharp,  or  barbed,  and 
hard  enough  to  readily  penetrate  the  soft  bodies  which  they  strike. 

The  nervoQS  sjrstem  of  the  anellids  presents  a  marked  advance 
beyond  its  condition  in  the  white-blooded  parasitic  worms ;  it  consists 
of  a  double  median  central  chord  or  chain  of  small  ganglions,  ex- 
tending from  one  end  of  the  body  to  the  other;  the  two  chords  diverge 
anteriorly  to  allow  the  passage  of  the  oesophagus,  and  again  unite 
above  that  tube  to  form  a  distinct,  though  small,  bilobed  cephalic 
ganglion  or  "  brain." 

Most  of  the  anellids  are  provided  with  pigment-  or  eye-specks, 
**  ocelli ;  '*  and  in  many  of  them  the  head  supports  soft  cylindrical 
tentacles,  which  are  obviously  organs  of  touch,  but  differ  from  the 
antennas  of  insects  in  the  absence  of  joints.  In  the  first  appearance 
of  these  not  yet  well  understood  organs  of  sensation,  which  form  so 
remarkable  and  conspicuous  a  character  and  so  important  an  endow- 
ment of  the  higher  articulate  classes,  we  have  again  an  interesting 
illustration  of  the  principle  of  vegetative  repetition ;  for  every  seti- 
gerous tubercle  in  the  anellids  with  cephalic  feelers  has  a  similar 
organ  of  sensation :  the  distinction  is  merely  local  and  nominal ;  the 
feelers  on  the  first  segment  being  called  ^*  antenna ;"  those  on  the 
other  segments  ^'  cirri." 

The  mouth  is  at  the  lower  surface  of  the  head,  or  at  the  anterior 
extremity  of  the  body  in  the  acephalous  anellids ;  in  some  species  it 
is  provided  with  a  protractile  proboscis  and  with  lateral  jaws  in  the 
form  of  curved  dentated  homy  plates :  the  alimentary  canal  is  gene- 
rally straight ;  in  some  species  simple,  in  others  sacculated,  or  pro- 
vided with  a  greater  or  less  number  of  lateral  csecums :  the  anus  is 
situated  above,  or  at,  the  posterior  extremity  of  the  body. 

The  degree  of  redness  of  the  circulating  fluid  varies  considerably;  in 
some  species  it  is  very  pale;  in  one  or  two  the  fluid  even  presents  a 
greenish  hue :  it  circulates  in  a  closed  and  very  complicated  system 
of  vessels,  of  which  the  chief  dorsal  one  is  distinguished  by  its 
undulatory  pulsations ;  and  in  some  species  the  circulation  is  further 
aided  by  contractile  sinuses,  called  hearts. 

All  anellids  have  organs  of  respiration,  adapted  in  a  few  species 
for  extracting  oxygen  directly  from  the  atmosphere,  and  in  the  rest 
of  the  class  through  the  medium  of  water :  in  these  the  gills  are 
usually  external,  vary  considerably  in  form  and  position,  and  form 
the  only  part  of  the  external  surface  which  retains  the  ciliated 
epithelium. 
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Buelj  arc  the  general  itnatomical  characters  of  the  class  Annnlaia, 
niifl  such  the  progre&a  «ac!i  S3'stem  of  organs  has  made  in  tbc  transit 
from  tho  Nonnitoneurous  to  the  Homogangliate  types.  The  aneJlida 
are  distributetl  into  ordera,  according  to  obvious  and  easily  recog- 
niiaUe  tnodtflcations  of  the  locomotive  and  respiratory  organs;  which 
oharaoter«  fortunately  coincide  with  the  general  conditions  and 
grades  of  their  organ isalion^  and  are  therefore  natural  ones.  Dr. 
Milno  Kdwards»  the  pupil  of  Cuvier  who  has  devoted  most  attention 
to  the  Vermes  thus  grouped  together  by  his  great  master,  divides 
ihtmi  into  four  orders* 

The  ftmt  ia  the  Annulata  suctoria^  and  comprises  the  leeches, 
which  ore  provided  with  a  suctorial  disc  at  each  extremity  of  the 
body,  and  have  neither  bristles  nor  tuberculate  feet,  I 

The  seoond  order  h  the  Annulata  ierrwola,  which  includes  the 
earth-worms ;  these  have  neither  tubercular  feet,  nor  external  gilla, 
nor  suckers,  but  are  provided  with  short  stiff  bristles  fulfilling  the 
function  of  feet,  and  which,  in  fact,  are  the  rudiments  of  such. 

The  third  order  is  tlie  Armuiata  tuhicota^  and  includes  all  tho^e 
which  arc  provi^lcd  with  sctigerous  feet  and  have  the  respiratory 
organs  at  the  anterior  extremity  of  the  body,  whence  they  have  ahjo 
been  enlh^d  CtphaJo-branchiata,  The  anellids  of  this  and  the  two 
preceding  orders  can  scarcely  he  satd  to  have  a  distinct  head. 

The  liighest  organised  vinnu/ltif a  are  also  the  most  locomotive: 
they  have  been  called  errantia  by  Dr.  Edwards.  In  them,  the  re- 
spiratory organs  are  most  developed,  and  from  their  position, 
Cuvier,  who  lirst  defined  the  order,  has  denominated  it  Dorsi* 
branchiatUj  tlie  gills  being  attached  to  the  sides  of  the  body  on  the 
dorsal  aspect,  along  the  middle  part,  or  through  the  whole  length  of 
the  body.  They  are  provided  with  setigerous  processes  for  loco- 
motion, and  have  always  a  distinct  head.  They  are  commonly  known 
by  the  name  of  Sea^centi pedes,  Sea-mice,  or  Nereids,  from  the 
LinniBan  generic  name  NereiSi  which  is  almost  equivalent  to  the 
present  ordinal  term. 

The  tubular  sheaths  and  protractile  bundles  of  bristles  which  , 
constitute  the  organs  of  locomotion  in  this  order  have  been  already 
noticed  in  the  general  characters  of  the  class.  The  integument  is 
naked,  soft,  vascular,  and  highly  susceptible  of  impressions  in  all  the 
anellids.  It  consists  of  a  delicate  non-ciliating  epidermis,  and  of  a 
moderately  firm  corium  composed  of  obliquely  crossing  filaments. 
In  some  earth-worms  the  skin  is  red,  from  the  colour  of  its  contained 
or  subjacent  circulating  fluids  ;  in  leeches  it  is  variegated  by  a  layer 
of  pigment -cells ;  in  most  anellids  the  epidermis  reflects  iridescent 
tints,  and  in  such  it  is  readily  detached  from  the  cutis ;  but  it  closely 
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iidheres  thereto  in  the  Suctoria.  In  many  Errantia  the  cutis  deve- 
lopes  filiform  and  lamelliform  processes,  and  the  latter,  in  some 
species  (Aphrodit€e\  are  so  large  and  numerous  as  to  overlap  one 
another  like  scales.  The  hairs  and  bristles,  already  mentioned,  are 
also  developed,  in  some  species,  e.  g.  Aphrodita  aculeatay  so  abun- 
dantly as  to  give  it  the  mammalian  character  of  a  hairy  investment, 
whence  it  has  been  called  by  our  fishermen  the  ^^  sea-mouse."  The 
hairs  of  this  beautiful  anellid  reflect  brilliant  iridescent  hues. 

In  the  tubicolar  order  the  habitations  are  commonly  formed  of 
foreign  substances,  as  particles  of  sand  or  shells  agglutinated  together 
by  the  mucous  secretions  of  the  worm,  which  is  sometimes  done  with 
a  considerable  degree  of  neatness  and  apparent  skill,  as  in  the  Pecti- 
naricB  and  Terehellce.  The  Serpula  secretes  a  calcareous  tubular 
shell,  consisting  of  carbonate  of  lime  and  animal  matter,  like  the 
shells  of  Mollusks ;  but  difiering  in  being  quite  external  to  the  inte- 
gument, and  not  organically  attached  to  the  animal,  which  can  quit 
and  return  to  its  tube.  Most  species  of  Serpuia,  as  the  Serp,  con' 
tortuplicata^  which  coats  the  shells  of  oysters  and  other  bivalves  with 
its  characteristic  dwelling,  have  a  pedunculated  operculum  for  closing 
the  entry  of  the  tube. 

The  organisation  of  the  integument  has  been  studied  chiefly  in 
the  naked  Anellids.  It  consists,  in  the  leech,  of  a  strong,  smooth, 
whitish  epiderm,  and  of  a  fibro-cellular  corium  divided  into  short 
segments,  and  having  many  pigmental  cells  of  a  brown  or  greenish 
colour,  except  in  the  intervals  of  the  rings.  The  muscular  fibres 
have  a  tendinous  lustre :  those  of  the  outer  layer  are  transverse ; 
those  of  the  next  layer  cross  each  other  diagonally,  and  form  a  fine 
regular  reticulation :  beneath  theso  are  the  longitudinal  fasciculi, 
which  form  the  most  conspicuous  stratum.  There  are  also  other 
smaller  muscular  fasciculi  in  the  under  surface  of  the  body,  besides 
those  which  specially  regulate  the  action  of  the  terminal  suckers  and 
the  dentated  jaws  {fig,  102.  b).  The  anterior 
102   J^^^^^  border  of  the  mouth  is  produced  on  the  dorsal 

aspect,  in  the  medicinal  and  some  other  leeches, 
so  as  to  form  a  kind  of  upper  lip,  which  com- 
bines with  the  rest  of  the  muscular  and  verru- 
cose  border  to  form  a  sucker.  In  some  sea- 
leeches  (  Pontobdella,  Piscicola)  the  oral  sucker 
^^^  is  divided  by  a  constriction  or  neck  from  the 
Leech  body.     In  Branchiobdella  the  pharynx  is  pro- 

vided with  a  horny  upper  and  under  jaw.  In 
the  genus  Clepsine  a  protractile  flexible  tube,  like  a  proboscis,  can 
be  protruded  from  the  bottom  of  the  mouth.     The  mouth  of  the 
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medicinal  leech  {Sangnisuga)  (fig.  102.),  ami  of  HmmopU,  is  trl-j 
nogubir,  aud  is  armed  wilU  three  crescentic  jaws 
(a,  a,  a\  presenting  their  sharp  convex  laargin  to- 
wards the  oml  cavity,  which  margin  is  be&et  with 
%\%iy  small  leeth  {fg.  103.).  It  is  hj  th©  actioQ  of 
these  little  saws  upon  the  tense  in* 
tegument  seined  by  the  labial  sucker, 
that  the  characteristic  triradjate  bite  of 
the  leech  Is  made. 

The  oesophagus  {fig,  104.  b)  ia  short, 
and  terminates  io  a  singularly  eompli- 
p^  II  cated  stomach,  diviijed  by  doep  con- 

^^l  strictions   into    eleven   compartments, 

^^  the  sides  of  which  are  produced  into 

!1  ciccal   processes  {e^  t/\    progressively, 

^^  tliough  slightly,  increasing  in  length  to  the  tenth,  and 

"*  disproportionately  elongated  in  the  eleventh  compart- 

ment. The  first  gastric  chamber  is  the  smallest.  In 
the  eight  posterior  compartments  the  anterior  part  of 
each  slightly  expands  to  form  a  pair  of  small  acces- 
sory coica.  The  middle  part  of  tlie  eleventh  division 
extends  backwards,  in  the  form  of  a  small  funnel- 
shaped  process^  and  opens  into  the  commencement  of 
the  slender  intestinal  caniil  (rf,  d)\  tliis  is  situated  be- 
tween the  two  last  and  longest  gastric  c«eca  {c)\  it 
terminates  by  a  small  anus  {e)  above  the  terminal 
sucker.*  Tills  is  the  position  of  the  vent  in  most 
Sucioria;  but  some  sea-leeches  (Piscicoia)  offer  an 
exception  in  the  ventral  position  of  the  outlet  upon  the 
lost  segment. 

The  modificatians  of  the  alimentary  canal  itself  in 
other  genera   are    considerable.      In  Arphclis  it  is  a 
iitch.  simple  tube,  gradually  expanding  towards  the  vent;  in 

Brnnchiobdelta  the  canal  presents  many  circular  con- 
Slriatioi^s  ;  in  Pontobdella  it  gives  off  a  single  pair  of  caeca  near  its 
Itlntlrr  third  ;  Ilitmopis  and  Chpsine  present  the  same  multicsecal 
ys^y  of  the  canal  as  that  which  has  been  described  and  figured  in 
^jj^0^^mtga, 

*'*  rr*  IB  a  stratum  of  round  whitish  glandular  corpuscles,  beneath 
-  ♦  of  the  pharynx  and  oesoplmgua  of  the  medicinal  leech,  which 
iiti  the  salivary  system.     A  peculiar  brown  tissue  extends 


d 


•  tko  Pret«-  No».  4IS.  AU,  4Sr»  ifiS.  56I».  595.   A. 


ANNUL  ATA.  231 

along  the  alimentary  eanal  between  the  nervous  chord  and  the  mucous 
glands,  and  also  upon  the  dorsal  aspect  of  the  anterior  part  of  the 
cavity.  It  is  composed  of  a  congeries  of  elongated,  convoluted,  and 
irregularly  constricted  follicles,  which  are  united  in  groups  by  the 
confluence  of  their  ducts  into  a  single  slender  excretory  tube.  These 
tubes  unite  with  those  of  other  groups  of  the  follicles,  and  pour  a 
secretion,  analogous  to  bile,  into  the  posterior  divisions  of  the  stomach 
and  into  the  intestine.  The  confluence  of  the  hepatic  ducts  is  very 
remarkable  and  conspicuous  when  they  lie  upon  the  testes.* 

The  walls  of  the  sacculated  alimentary  canal  are  connected  vrith 
the  integument  by  a  vascular  tissue,  like  the  corpus  spongiosum, 
mixed  with  many  pigment  cells.  The  chylaqueous  fluid  transuded 
into  this  tissue  is  there  taken  up  into  the  largely  developed  vascular 
system, 

Terricola. — The  mouth  is  furnished  in  the  earth-worm  with  a 
short  proboscis,  but  is  without  teeth :  a  long  lobulated  salivary  glan- 
dular mass  surrounds  the  pharynx.  The  decaying  parts  of  animals 
and  vegetables  are  swallowed  with  the  soil,  and  conveyed  by  a  short 
and  wide  oesophagus  to  a  muscular  compartment  of  the  digestive 
canal,  analogous  to  a  gizzard.  The  oesophagus  is  sometimes  dilated, 
like  a  crop,  above  this  part.  The  long  and  wide  intestine  is  con- 
tinued straight  to  the  terminal  vent,  and  is  constricted  in  its  course 
by  the  transverse  septa  of  the  common  cavity  of  the  body ;  but  the 
sacculi  are  not  produced  into  cieca.f  Morren  X  describes  a  long  and 
slender  blind  tube,  which  he  calls  the  ^'  typhlosole,"  as  being  attached 
to  one  side  of  the  inner  surface  of  the  gut,  in  which  tube  he  supposes 
the  chyle  to  be  strained  off  from  the  coarse  contents  of  the  wider  sur- 
rounding canal.  A  muscular  compartment  of  the  alimentary  canal 
may  be  distinguished  in  Nais  proboscidea,  but  not  in  Lutnbriculus  or 
EnchytrcBtis,  The  latter  worm  has  four  pairs  of  clear  vesicles,  which 
pour  their  secretion  into  the  gullet. 

Errantia,  —  In  this  order  the  pharynx  is  developed  into  a  loose 
and  muscular  cylinder,  forming  a  kind  of  proboscis,  provided  with 
special  muscles  for  its  protrusion  and  retraction,  eversion  and  inver- 
sion. It  is  short  in  Nereis,  Eunice,  and  Peripatus;  longer  in  Gly^ 
cera,  Phyllodoce,  and  Polynoe.  In  Arenicola,  ChtBtopterus,  AricicL, 
PhyUodoce,  and  Amphinome,  the  proboscis  is  unarmed :  its  everted 
extremity  is  encircled  by  small  papillae.  In  Nereis,  LycasHs,  and 
PeripatuSy  it  is  provided  with  a  pair  of  strong,  curved,  homy  jaws ; 
and  in  other  Errantia  they  are  present  in  greater  number :  in  Eunice, 
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€.  <7.,  there  are  four  on  one  Bide  and  tliree  on  the  other  Fide  of  Uie 
protmctite  pharynx  :  in  Lumbrinereis  there  are  eight  jaws,  and  In 
Aglaura  niue#  TheflC  jaws  are  sharp-pointed  and  dentated  on  their] 
inner  border,  andi  when  the  pharjnx  is  everted,  they  project  exter- 
nally, and  can  be  used  aa  prehensile  organa.  The  Tttbicala  aro 
edentulous. 

The  obliquity  of  the  constrictions  of  the  alimentary  canal  in  the  i 
SaMla  pavonina*  give  it  the  appearance  of  being  a  long  and  narrow 
tube  disposed  in  a  series  of  close  spiral  coils  ;  but  it  is  merely  saccu- 
lated.   In  most  other  tubieolar  anellids  the  intestine  is  less  constricted  ' 
than  in  the  Sabella  ;  and  in  Amphitrite  it  is  uniform^  irregularly  con- 
voluted,  and  loosely  suspended  in  the  abdominal  cavity. 

In  the  Terebeflte  nebulosa  and  coiwhilega  the  wide  and  long  ooso*  ' 
phagus  is  coated  by  a  yellow  glandular  mass,  and  is  separated  from 
the  slightly  sacculated  yellow  gastro-inteatinal  tube  by  an  elongated 
colourless  gizzard.  In  the  Herntella  there  is  a  short  oval  dilatation 
or  stomach  between  the  oesophagus  and  intestine. 

In  the  sand-  or  )ug-worm{-^rewica/o)the  gastro-intestinal  canal  (^, 
lOG.)  commences  at  the  termination  of  the  oesophagus  (b)  by  a  sudden 
dilatation,  into  which  two  coBcal  glandular  pouches  (c)  pour  their 
secretion :  the  rest  of  the  canal  is  simple  in  its  outward  form  ;  but 
its  walls  are  thickened  by  a  stratum  of  minute  secerning  cells  (</), 
which  prepare  a  greenish-yellow  fluid.  The  oisophagus  can  ha 
everted  and  protruded  ;  the  sand  is  seized  and  swallowed  ns  the  worm 
bores  its  way ;  the  organic  particles  are  assimilated  as  the  earthy 
medium  traverses  the  digestive  canal,  and  it  is  finally  rejected  in  the 
form  of  the  sand  coils,  which  betray  the  retreats  of  the  **  lugs "  on 
the  sea-strand. 

In  most  of  the  Errnntia  there  is  no  distinction  between  stomach 
and  intestine;  this  runs  straight  to  the  terminal  vent  in  Eunice  and 
Amphinomc^  as  in  Arenicolu:  in  Cirratuhts  it  takes  a  spiral  course; 
and  it  is  irregularly  convoluted  in  Ammotrtfpanc^  In  some  Nereids 
the  canal  is  provided  with  lateral  pouches,  a  pair  of  which,  in  Nereis 
proper,  open  into  the  compartment  of  the  canal  which  answers  to  the 
stomach.  The  intestinal  canal  is  lined  by  a  ciliated  epitlielium  in  all 
anelUds,  Li  the  Aphrodita  aculeata  the  part  homologous  with  the 
projectile  proboscis  of  the  Nereids  is  converted  into  a  kind  of  gizzard, 
by  the  thickening  of  the  muscular  coat.  The  alimentary  canal,  con- 
tinued from  its  posterior  extremity,  bends  forward  at  first  for  half 
the  length  of  the  gizzard,  a  digposition  which  indicates  the  occasional 
protrusion  of  this  part.     The  canal  then  bends  backwards,  and  is 
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continued  straight  to  the  anas.  Through  the  whole  length  of  the 
intestine,  csBcal  processes  are  sent  off  on  each  side,  to  the  numher  of 
ahout  twent  J  pairs.  They  commence  of  a  slender  diameter,  hut  gra- 
dually enlarge,  send  off  many  short  hranches,  which  suhdivide,  and 
terminate  in  fusiform  pouches.  These  productions  of  the  intestinal 
canal  are  homologous  with  the  gastric  caaca  of  the  leech ;  hut  they 
are  more  isolated  from  the  common  canal,  and  more  distinct  in  their 
functions.  It  is  thought  that  the  chyme  passes  into  them,  and  that 
the  chyle  is  separated  from  it  by  a  secretion  of  the  terminal  cisca 
analogous  to  bile.  Hunter  has  placed  a  preparation*  of  them  at  the 
commencement  of  his  series  of  hepatic  organs,  as  one  of  the  early 
forms  of  that  system. 

The  more  unequivocal  form  of  hepatic  organ  is  that  yellowish 
or  brownish  glandular  mass  which  surrounds  almost  the  whole 
intestinal  canal  in  most  AneUides,  and  which  consists  of  aggregated 
follicles,  opening  either  singly  or  by  a  duct  common  to  seyeral,  upon 
the  inner  surface.  These  follicles  give  a  villous  character  to  the 
outer  surface  of  the  gut  in  Enchytraus;  their  homologues  form  the 
part  called  '*  chloragogena  "  by  Morren  in  the  Lumbricus.  In  Am^ 
phUrite  the  follicles  are  of  a  bright  yellow  colour. 

The  abdominal  cavity  is  obliterated  in  the  suctorial  Anellids  by 
the  spongy  vascular  tissue  uniting  the  sacculated  alimentary  canal 
to  the  skin :  in  the  Terricola  it  is  divided  into  numerous  small  com- 
partments by  the  septa,  which  closely  connect  the  intestine  with  the 
skin :  it  is  also  more  or  less  subdivided  by  the  incomplete  septa  and 
the  muscles  of  the  setigerous  sheaths  in  the  higher  AneUides ;  but 
all  the  recesses  and  ramifications  of  the  abdominal  cavity  intercom- 
municate freely  with  each  other.  In  this  complex  space  there  is  a 
colourless  fluid  containing  organic  corpuscles^  which  is  kept  in 
constant  motion  by  the  varying  contractions  and  dilatations  of  the 
surrounding  segments,  a  ciliated  epithelium  being  rarely  present,  as 
e.g.  in  Aphrodita  aculeata;  or  only  partially  developed  upon  the 
peritonaeum,  as,  e.g.  in  the  part  lining  the  tabular  feet  of  the  Her- 
mellsef,  and  the  hollow  branchiss  of  the  Gfyeera.  This  fluid  answers 
to  the  chylaqueous  fluid  of  the  Radiata.^  In  the  Errantia  it  performs 
one  of  the  functions  of  an  internal  skeleton,  acting  as  the  fulcrum  or 
base  of  resistance  to  the  cutaneous  masdes,  the  power  of  voluntary 
motion  being  lost  when  the  fluid  is  let  out ;  the  vermicular  motions 
of  the  intestine  are  aided  or  determined  by  its  resistance  and  support; 
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tk9maa  drcnhdoa  Ij  otmsdng  the  picasuie  iqpoo  the  blood- 

whkh  would  foUow  the  contaet  of  the  intestiiie  with  the 

[isf  pcrhep%  tiie  loaree,  or  one  of  the  flourcefly  of  the 

I  the  orgaaie  aad  defioh^  ihaped  CQtpii8cIefl»  it 

fibffiM^  Sid  abo  ojitdttiee  pvodoets  identicel 

iby  ewpoCTtJoaof  pmeaeewMtoi',  and,  therefore^ 

the  Wfy^m  Md  £dhundenH^  the  neae  of  the  eh  jl- 

Dr.  WlDittM  helievei  Aet  ^'tee-water  is  ¥itaiifled 

tmaBtf  kf  the  aofid  mgamc  demoita  eontained  in 
^»e 

£i  Ike  a^jontf  of  the  AMifidt  Ae  blood  is  red;  in  some  of  a 
briBianl  n^  w  in  Anmkmlm,  Xmu,  GfyeerOy  Xepk^  In  Aj^ro- 
As  and  A^PMN^  Ae  bkod  is  of  a  pale  jdlow  eoioor ;  in  a  species 
of  ffaliMi  it  »  ofi ve  green ;  so  ^a^  as  ICfaie  Edwaids  well  obsenrei^ 
the  celenr  of  the  bkod  is  fiur  firaas  being  a  eharacter  of  soch  ph j- 
wshigkdl  unpoitanee  as  to  jnitifj  the  location  of  the  Anellides  at  the 
henl  of  tiM  aitknkte  snb-kingdoas.  Dr.  ^Tllliams  denies  that  the 
bbod  ef  the  AaeWirfi'e  contaioa  an j  cokrared  or  other  corpuscles. 
Il  cmnktes  in  a  dosed  ijUwni  of  arteries  and  TeinB»  the  modifi- 
catmn  of  whkk  are  uoniiilerahle  whan  examined  in  the  difierent 
Unui  if  till  TJMi 

A  liife  tusMl  whMi  rant  beneath  the  dorsal  integument  is  the 
nMl  of  nadakllig  eontractfam%  hj  whkh  the  blood  is  propelled  from 
behind  liUrward»;  it  fulftb  the  functions  of  the  heart,  and  is  the 
KsHiH>k^tt<»  v^f  th^  d\>rMd  v*jdt\>rtu  heart  in  indects.  A  corresponding 
>\^KMji$  iruuK  vv<ivx^>(«  tho  blopd  in  an  opposite  direction  from  the  head 
tv^  lh«  tatU  aUii^  tW  under  or  Teutnd  surtWce  of  the  abdominal  cavity. 
IVv^^  *r\*  uttt^Nl  at  each  ^e^mont  br  transverse  vessels,  which 
v\**i\VY  the  fluid  tVom  the  ventral  vein  to  the  dorsal  artery:  the 
Utter  vsr  auuuUr  eireuUtion  is  otien  aided  by  the  contractile  walls  of 
l^nial  diUlatkui^  of  certain  ot*  the  vessels^  and  by  the  actions  of  the 
^ilb  the«i««ave«  in  the  hiKher  anellids. 

In  tb^  K>e\^  the  va»i*uUr  8y*tem  consists  principally  of  four  great 
truuknu  iHUia  \4*  which  present  any  local  dilatations  meriting  the 
uaiu«^  \a*  h\»arl  j  tvn«»  of  thwie  trunks  is  situated  on  each  side,  a  third 
«^\h^\«\  and  a  fourth  bidow,  the  alimentary  canal.  They  are  shown 
in  M'^uavorno  section,  us  conntH^teil  together  in  two  of  the  middle 
«^«^^^l«  of  the  loiH>h  in  the  diagram  {Jig.  106.),  from  Brandt's  Mo- 
%^>l^tt  *V\w  latoral  trunks  (r,  c)  are  the  largest ;  they  are  widest 
wn^^W  |v^MM*lor  third  of  the  body;  their  anterior  end  terminates  in 
>«#kJ^  )^^  lh«»  ^^^^^^  \  the  posterior  end  unites  with  that  of  its  fellow 
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more  conspicuously  than  at  the  anterior  part»  and  euppliea  the  ter* 

minal  8U(^er.  Branches 
*3     kJ^,^^  Jv    z*^^-J\  /  j^j^  given  off  at  each 

ring,  which  ahnost  im- 
mediately divide  into  a 
dorsal  (df)  and  ventral 
(€)ramulu8;  the  six  pos- 
terior dorsal  branches 
unite  with  those  of  the 
opposite  side,  and  the 
six  arches  thus  formed 
are  joined  tc^ther  by 
two  nearly  parallel  longitudinal  vessels  near  the  middle  line  of 
the  back. 

The  dorsal  vessel  (Jig.  105.  a),  in  which  the  blood  moves  from  behind 
forwards,  is  formed  by  the  union  of  the  dorso-intestinal  vein  and  of 
the  dorso-dermal  vessel,  which  run  parallel  with  each  other  along 
the  posterior  third  of  the  body.  The  trunk  is  thence  continued 
forwards,  sending  outwards  a  pair  of  transverse  branches  at  each 
ring,  and  bifurcating  behind  the  mouth  to  enclose  the  ossophagus. 
From  the  under  part  of  the  cesophageal  ring  the  great  ventral  vein 
(Jiff.  105.  b)  begins,  which  is  continued  along  the  nervous  ganglionic 
chord,  and  swells  at  each  ganglion,  forming  a  sinus  around  it ;  the 
nervous  matter  being  thus,  as  it  were,  bathed  in  the  nutrient  fluid.* 
From  each  of  these  swellings  a  transverse  branch  is  sent  off  to  either 
side  (/yf\  and  from  the  seventh  to  the  fifteenth  ganglionic  sinus  a 
second  pair  of  transverse  vessels  of  smaUer  sise  is  given  ofi>  just 
behind  the  ganglionic  sinus. 

Tlie  respiratory  function  would  seem  to  devolve  partly  upon  the 
tegumentary  capillaries,  and  partly  upon  those  capillaries  which 
spread  upon  the  mucous  sacculi.  These  latter  capillaries  are  not, 
however,  more  numerous  than  those  of  the  other  organs  of  the  body* 
The  more  important  office  of  the  sacculi  would  seem  to  be  as  the 
recipients  of  the  secretion  of  peculiar  loop-shaped  glands^  which  they 
receive  by  a  very  short  and  slender  duct.  There  are  seventeen  pairs 
of  these  mucous  glands  (Jtgs^  104, 105.  ^,  g),  the  five  posterior  of  which 
lie  on  eax^h  side  the  long  terminal  gastric  sacculi,  and  the  rest  in  the 
interspaces  of  the  shorter  cesca.  Each  gland  pours  its  secretion  into 
a  circular  sac  (Jigs.  104, 105.  A,  A),  which  opens  externally  (Jig.  104. 
f,  t)  upon  the  skin.  These  dermal  pouches  have  commonly  been 
described  as  the  respiratory  organs ;  and  from  their  relative  position 
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they  may  be  deemed  liomologous  with  the  tracheal  respiratory  orgar 
of  the  higher  Articulata ;  but  in  fanction  they  seem  to  be  reduced 
fiupplying  the  skin  with  its  abundant  mucous  seeretion,  and  the  of 
with  their  cocoon-like  coverings  at  the  season  of  generation.* 

Morren  has  minutely  described  the  circulating  system  of  the  eartfc 
worm;  in  a  species  of  which  (Lumbricus  varie^atu^)  Bonnet f  saf 
the  red  blood  propelled  forward  by  the  systole  and  diastole  of  the 
dorsal  vessel  towards  the  bead,  and  noticed  its  accelerated  course 
near  that  part. 

In  the  tubicolar  anellids,  according  to  Dr*  M.  Ed  wards  f, 
dorsal  contractile  artery  is  unusually  short.  In  the  Terebella  it  re- 
ceives numerous  veins  from  the  intestine,  and  a  large  accession  of 
the  circulating  fluid  from  two  wide  transverse  venous  trunks,  whicJi 
encircle  the  commencement  of  the  intestine,  and  which  receive  recur- 
rent veins  from  the  oesophagus,  also  a  small  vein  from  the  integu* 
ment8  of  the  back.  This  short  dorsal  vessel  is,  in  fact,  the  general 
receptacle  of  the  venous  system,  and,  by  its  function,  it  represents  n 
pubnonic  heart.  It  transmits  the  venous  blood  almost  exclusively  to. 
the  cephalic  branchiae  by  three  pairs  of  branchial  arteries,  whic 
arise  from  its  anterior  extremity.  The  oxygenated  blood  is  returnetl 
by  tlie  branchial  veins  to  a  largo  ventral  trunk,  situated  immediately 
above  the  ganglionic  nervous  chord*  This  vessel,  which  has  thf 
function  of  a  uysitemic  heart  or  aorta,  supplies  a  pair  of  transverse 
branches  to  eucli  ring  of  the  body,  which  distribute  filaments  to  thfl 
integumcnls  and  the  feet,  and  then  ascends  to  supply  the  intestine 
wlkorc,  with  the  absorbent  veins  of  tlmt  canal,  it  returns  again  into 
the  dori^al  vcaseU  In  some  other  species  of  Terebella,  as  the  TerX 
conchUega^  the  lateral  branohod  of  the  ventral  trunk  do  not  ascend  in 

•  Df,  Witliams  (CXC3,  p.  257.)  aiBrnw  tlmt  ♦•  spermatozoa  can  always  be 
eov«red  in  the  interior  of  these  8a«s  f  and  «tAtea  that  tlM»y  iu*e  '*  true  Tcaiculi 
ftfiiiiiialof/'    I  bttvc  never  been  «>  fortunaio  ae  to  diitoct  tpenaato*oft  in  tlio  muc 
•aci  \>(  J^t\m%  lccchc«,  iu  which  thofii?  pnrl6  have  been  reliUivclj  as  fully  develop 
ar  in  the  AiU-iirown  Icechci  t)t  for  copulation.     The  looped  glanda  (i/)  arc  describ 
by  the  lanu^  writer  to  bo  ovurio,  "ovftrmii  utricle*,'*  the  gkndular  granalar  par-" 
ticlct,  enelDwed  in  their  wiilK  which  ore  %ared  and  described  by  Brandt  and 
Itatzebm-^  ((^LXXXV,  *♦  DruBon»«lj«tiMiC   p.  251,  tab,  judx.  A.  fig.  %%  liaving" 
iipparentlj  iM-eii  inUuikrn  for  ova.     Ur  Willifiujs  fiirther  dojcribes  a  minute  ducS 
Ml  extrnding  outward^  cr<>wing  bcnowth  the  lonpitudina!  sperm-duct,  and  "  bo^ 
eominj^  united  to  iho  bn^c  Mf  liic  ovarian  atriclc,**  p,  254  (looped  mucus-gland,  ^)U 
Although  my  dii»»octionB  hare  enabled  me  to  di^ingiiish  the  amaM  blxfd-ve«6cl| 
uniting  the  tt^tcs  to  a  neighbouring  mucus-duel,  I  have  failed  to  make  out  th 
Bpcnn*daci  »o  described, 

f  Ob»orvntion«  snr  les  Vers,  CEuvrei,  i.  p.  I9S.,  1779. 

X  Stir  la  CinnbUlou  dans  ks  Anellidea,  ADitnlca  dcB  Sciences,  Nat,X.  p,  121. 
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loops  upon  the  upper  surface  of  the  intestiney  but  terminate  almost 
exclusively  in  a  vascular  network  situated  on  each  side  of  the  abdo- 
minal cavity  near  the  base  of  the  feet.  The  principal  organs  of  im- 
pulsion of  the  circulating  fluid  in  the  tubicolar  anellids  seem  to  be 
the  contractile  branchiae,  which  thus  combine,  as  it  were,  the  functions 
of  both  heart  and  lungs. 

Cuvier  has  noticed  the  alternate  expansion  of  the  branchias  of  the 
Arenicola  when  they  are  coloured  by  the  bright  red  blood,  and  their 
contraction,  when,  by  expelling  the  blood  to  the  internal  vessels,  they 
become  of  a  pale  grey  colour. 

In  the  Eunice  sanguinea*  there  is,  as  in  the  Terebella^  a  large  and 
short  dorsal  Vessel,  which  rests  upon  the  pharyngeal  part  of  the  ali- 
mentary tube,  and  which  communicates,  by  its  posterior  extremity, 
with  a  vascular  ring  surrounding  the  commencement  of  the  intestine. 
This  ring  receives  two  vessels,  which  run  parallel  and  close  together 
along  the  dorsal  aspect  of  the  intestinal  canal,  and  correspond  with 
the  single  vessel  in  the  Terebella,  The  dorso-pharyngeal  contractile 
trunk  receives  other  branches  from  the  parietes  of  the  digestive  tube, 
and  a  small  medio-dorsal  cutaneous  vessel.  It  gives  off  by  its  an- 
terior extremity  several  branches  to  the  head,  and  others  which  sur- 
round the  pharynx,  and  anastomose  with  the  ventral  vessel.  From 
this  vessel  a  pair  of  lateral  branches  is  given  off  at  each  ring  of  the 
body.  These  branches  immediately  dilate,  and  are  bent  upon  them- 
selves in  a  strong  sigmoidal  curve,  appearing  at  first  sight  to  be  simple 
oval  vesicles.  They  send  an  ascending  branch  to  the  digestive  tube, 
form  a  small  plexus  at  the  base  of  each  of  the  feet,  and  penetrate  the 
branchial  filaments.  The  blood  is  returned  from  these  respiratory 
organs  by  transverse  veins,  which  terminate  on  each  side  in  the  dorso- 
intestinal  vessel  of  that  side.  Here,  therefore,  the  respiratory  circu- 
lation is  removed  further  from  the  dorso-pharyngeal  heart,  which 
consequently  receives  a  greater  quantity  of  blood  in  its  arterial  or 
oxygenated  state.  The  principal  dynamical  organs  are,  however,  the 
curved  dilated  sinuses  at  the  bases  of  the  branchiae,  which  pulsate 
with  strong  contractions,  and  propel  the  blood  at  once  to  the 
branchiae^  the  feet,  the  skin,  and  the  intestine.  If  we  call  these 
pulsatile  reservoirs  by  the  name  which  their  functions  would  claim 
for  them,  there  will  be  several  hundred  hearts  in  one  of  these  gigantic 
Nereids.  In  the  Nephthys  Homhergi  the  dorsal  vessel  is  double 
throughout  the  greater  part  of  its  extent. 

In  the  Amphinome  capillatOy  which  Hunter  has  heref  dissected  for 
the  vascular  system,  this  is  chiefly  remarkable  for  the  size  and  com- 
plexity of  the  branchial  plexuses. 

*  Edwards,  loc.  cit.  p.  204.       f  ^^ps.  Nol  875.  889,  and  x.  pL  xiv.  fig.  10.     * 
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In  the  Arenicoh  (Jiff,  106.)  there  is,  on  each  side  the  basa  of 

ojsophagiis,  an  ovoid  contractile  sac  (^Z*),  wUk 
sends  off  a  large  and  short  vascular  trun 
](\n       dawn  wards  and  backwards  to  the  medio-Tc 
tral  line,  where,  uniting  with  its  fellow  trunk 
a  ventral  vetisel  {e),  analogous  to  that  in  tfa 
Eunice  and  l^erebclia,  is  formed.     This  me 
dian    vessel  furnishes  a   pair  of  transvers 
branches  to  e-aeh  ring,  which  at  the  seventh* 
segment  begin  to  penetrate  the  ramified  bran- 
chia,  attached  to  the  sides  of  that  and  suc- 
ceeding middle  segments  of  the  body.     The 
pulsations  of  the  two  oesophageal  sinuses,  oij 
ventricles,  propel  the  blood  into  the  ventra 
vessel  from  before  backward  through  these ^ 
vessels  (w,  »i)  to  the  gills,  where  it  receiver 
a  new  impulse  bj  the  contractions  of  thos 
organs,  and,  after  having  been  oxygenised^  ic 
is  returned,  partly  by  cutaneous  vessels,  which^ 
form  many  anastomoses,  and  chiefly  by  a  di- 
rect and  continuous  lateral  vessel  (k,  k)^  to 
the  medio-dorsal  intestinal  artery  (^),     Thia 
artery  extends  from  one  end  of  the  body  tc 
the  otlier.      At  its  middle  part  it  receive  a 
many  transverse  branches  from  the  digestive 
tube,   and  through   them   anastomoses  will 
the  inferior  intestinal  vein  (A).    The  vasculat 
network  thus  formed  around  the  intestinepj 
gives  origin  anteriorly  to  two  lateral  vcinai 
(i),  which  terminate  in  the  dorsal  vessel  im  J 
mediately  behind  the  oesophageal  ventricles;} 
The  blood  from  ihe  inferior  intestinal  vein  i§| 
conveyed  to  the  same  point  or  sinus.     After ^ 
the   communication   of   this   common    sinua 
with  the  two  hearts,  a  slender  median  vessel  j 
(ff%  a  continuation  of  the  dorsal  one^  extends  forwards  towards  thel 
head,  and  terminates  by  fornnng  two  vascular  rings  around  the  basol 
of  the  pnnboscis,   from  the  lower  part  of  which  the  ventral  vesscli 
arises,  whicli  vessel  (c),  passing  backwards,  receives  the  great  accession 
of  blood  from  the  two  contractile  hciirts,  and  thus  the  circulation  is 
completed. 

This  hi^s  much  analogy  with  the  circulation  of  the  bloo<l  in  the  j 
oarth-worni,  in  which  the  blood  travels  from  behind  forwards  in  the' 
dorsal  vessel,  and  descends  in  great  part  towards  the  ventral  vascular 


wm 


ArvQkectUi. 


ANNULATA.  239 

system  through  the  pairs  of  anterior  beaded  contractile  sinuses  or 
hearts*,  which  differ  only  from  the  two  ventricles  in  the  Arenicola 
by  their  greater  number.  In  the  lateral  vascular  canal,  which  extends 
along  the  anterior  part  of  the  body,  at  the  base  of  the  feet  in  the 
Arenicola^  and  which  is  formed  by  the  anastomoses  of  one  of  the 
branches  of  the  cutaneous  arteries,  we  have  the  homologues  of  the 
lateral  vessels  in  the  leech  tribe,  which  are  wanting  in  most  of  the 
higher  Anellides.  The  dorsal  and  ventral  trunks  are  common  to  all, 
and  in  most  there  are  four  longitudinal  vessels  attached  to  the  intes- 
tinal tube. 

The  most  striking  physiological  character  of  the  circulation  in  the 
Anellides  as  a  class,  is  the  continuity  of  their  capillary  system,  and 
the  difficulty  of  determining  which  is  the  arterial,  and  which  the 
venous  trunk  of  any  one  of  the  organs  or  parts  of  the  body,  excepting 
the  branchias.  There  alone,  we  find  that  the  blood  received  from  the 
distinct  artery  is  sent  back  by  as  distinct  a  vein,  which  returns  along 
the  same  route  as  the  artery,  as  it  does  in  the  limbs  of  the  higher 
animals.  By  the  rapid  division  and  general  system  of  anastomoses  of 
the  arteries  and  veins,  it  follows  that  almost  all  the  parts  of  the  body 
are  supplied  by  a  mixture  of  arterial  and  venous  blood. 

The  position  and  general  relations  of  the  branchial  organs  have 
already  been  incidentally  pointed  out ;  and  it  seems  only  necessary 
here  to  allude  to  their  different  forms.  In  the  leech  and  earth-worm, 
a  series  of  pores  or  stigmata  on  each  side  of  the  body  lead  to  as 
many  simple  sacculi  {Jig.  104.  A,  A),  formed  by  an  inward  folding  of 
the  integument.  Carry  the  duplicature  further  in,  divide  and  sub- 
divide it,  and  ramifications  of  air  tubes,  like  the  tracheal  respiratory 
system  of  insects,  would  be  produced.  We  may  perceive  in  the 
lateral  sacs  of  the  leech  and  earth-worm,  the  first  step,  morphologi- 
cally, in  the  development  of  the  very  peculiar  air-breathing  organs  of 
tlic  higher  Articulata ;  but,  in  their  actual  rudimentary  form,  their 
respiratory  functions  are  reduced  to  the  lowest  state,  and  they  serve 
chiefly  the  ofiice  of  excretory  organs,  preparing  and  discharging 
mucus.  In  BranchiobdeUa  a  pair  of  looped  canals  open  at  the  begin- 
ning of  the  middle  third-part  of  the  body,  and  a  second  pair  at  the 
hinder  end  of  the  body,  both  at  the  median  lino  of  the  under  surface* 
Close  behind  the  orifice  each  of  these  four  canals  expands  into  a 
round  yellow-coloured  sac,  from  which  maqy  convoluted  tubes  pro- 
ceed. They  are  lined  by  a  ciliated  epithelium.  A  greater  number 
of  such  pairs  of  organs  are  found  in  other  leeches  at  the  second  third- 
part  of  the  body,  one  behind  another  as  far  as  the  posterior  extremity : 

♦  See  Prept.  876,  877,  878. 


those  in  NrpheJU  are  not  ciliated*  In  the  earth-worm  there  are 
each  side  of  the  commencement  of  the  intestine  many  looped  tubes 
which  open  cxtomalljr  hj  a  small  orifice  on  the  under  gnrface  on  one 
side  of  the  middle  line,  and  haTe  their  inner  surface  beset  with 
fefitoorii-'d  ciliated  ridges.  They  are  dilated  near  the  orifice,  and  con-  ] 
tain  a  clear  fluid,  kept  in  movement  by  the  action  of  the  cilia; 
which  duid  the  worms  may  obtain  from  the  moist  earth*  These 
"  water«canal8  **  are  surrounded  in  Lum&ricu^  by  a  remarkable  plexus 
of  vessels,  to  which  numerous  pedunculated  blood -receptacles  are 
appended,  giving  the  whole  system  a  racemose  character*  Similar 
blood -sacs  are  appended  to  the  same  system  of  vessels  in  NepkelU  \ 
tmigtirii  ;  but  such  sacs  arc  simple  reservoirs,  and  have  no  pulsation. 

Thci  respiratory  organs  of  the  tubicolar  anellids  are  in  the  form 
of  long,  flattened,  and  sometimes  tortuous,  filaments*  which  radiate 
from  the  head,  gtmeraliy  in  two  lateral  fasciculi,  disposed  in  a  funnel- 
shapetl  or  spiral  form.  When  not  coloured  by  the  red  circulating 
fluid,  they  an^  often  barred  and  variegated  by  bright  purpde,  green, 
and  yellow  lints,  forming  a  rich  and  gorgeous  ornamental  crown- 
Each  fllamentf  in  Serpula^  SaMla,  and  Amphiirite,  is  fringed  by  a 
row  of  actively  vibrating  cilia,  which  effect  the  requisite  change  of 
the  respiratory  medium  in  contact  with  the  vascular  surface.  In 
AmpkiiriU  they  are  semi  pinnate.  In  Terebella  the  branchial  fila- 
ments ai^  florid  hlood* vessels,  inclosed  in  a  delicate  non -ciliated 
integument.  The  cephalic  tentacles,  which  are  hollow,  and  are  pene- 
trated by  the  rhylnqnc-ous  fluid,  expose  an  extensive  surface  to  the 
surrounding  mt^dium,  which  must  react  on  tlie  contained  fluid,  and 
thus  aid  in  re^  pi  nil  ion. 

The  brnnchite  of  the  Annulata  crrantia  are  usually  in  the  form  of 
shorter  tufts  than  the  cephalic  ones  of  the  Tuhicola,  and  they  are 
attached  to  the  upper  parts  of  the  sides  of  a  greater  number  of  seg- 
ments. The  following  descriptions  of  some  of  their  chief  modifica- 
tions are  from  the  excellent  *•  Report  on  the  Anelhda"  above  cited. 
"  Respiration  is  performed  in  Arenicoln  Phcatomm  by  means  of 
naked  hlood- vessels,  projecting  at  the  root  of  the  setiferous  process 
upwards  and  outwards  one-fourth  of  an  inch  in  the  adult  worm  from 
the  surface  of  the  body.  They  are  limited  in  number  and  distribu- 
tion to  the  fourteen  or  sixteen  middle  annul!  of  the  body.  They  are 
(Himmonly  described  as  forming  an  arborescent  tuft ;  the  division  of 
VMSuls  is  however  regulated  by  a  fixed  principle.  When  fully  in* 
Jeot^d  with  blood,  the  vessels  of  each  branchia  form  a  single  plane, 
rUlng  obliquely  above  and  across  the  body,  and  immediately  behitul 


♦  Tf  cp.  No.  1>90. 
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each  brush  of  setae.  In  the  adult  animal  each  gill  is  composed  of 
from  twelve  to  sixteen  primary  branches,  proceeding  from  a  single 
trunk,  which  arises  from  the  great  dorsal  vessel ;  the  vessels  in  the 
branchial  tuft  describe  zigzag  outlines ;  the  secondary  branches  pro- 
ject from  the  salient  point,  or  the  outside  of  each  angle  of  the  zig- 
zags ;  and  the  tertiary  from  similar  points  on  the  secondary  branches. 
This  mode  of  division,  occurring  in  one  plane,  and  in  all  the  smaller 
branches,  results  in  a  plexus  of  vessels  of  extreme  beauty  of  design. 
Each  branchial  tuft  and  each  individual  vessel  possess  an  inde- 
pendent power  of  contraction ;  in  the  contracted  state  the  tuft  almost 
entirely  disappears,  so  completely  effected  is  the  emptying  of  the 
vessels.  The  contraction,  or  systole^  in  any  given  tuft  occurs  at  fre- 
quent but  irregular  intervals;  this  movement  does  not  take  place 
simultaneously  in  all  the  branchiae,  but  at  different  periods  in  differ- 
ent tufts.  As  there  is  no  heart^like  dilatation  in  the  afferent  vessels 
of  the  branchiae,  the  contractile  power  vnth  which  the  exposed 
branches  are  endowed,  becomes  an  important  means  of  reinforcing 
the  branchial  circulation.  The  vessels  appear  quite  naked,  and  if 
examined  in  the  living  state,  each  ramuscule  seems  to  consist  only  of 
a  single  trunklet ;  if  this  were  really  the  case,  it  would  of  course  re« 
solve  itself  into  a  tube  ending  in  a  cul-de-sac,  and  the  blood  move- 
ment would  be  a  flux  and  reflux ;  but  by  injection  it  is  easy  to  show 
that  the  finest  division  of  the  branchial  arbuscle  contains  a  double 
vessel,  enveloped  in  a  common  muscular,  although  extremely  diapha- 
nous sheath.  That  these  vascular  sheaths,  which  are  only  fine  pro- 
ductions of  the  integuments,  are  furnished  with  voluntary  muscular 
fibres,  is  proved  by  the  rapid  and  simultaneous  retraction  of  all  the 
branchiae  into  the  interior  of  the  body,  which  follows  when  the  animal 
is  touched. 

"  The  genus  Eunice  presents  another  and  different  type  of  bran- 
chial vessels.  Arranged  in  a  prominent  row  of  bright  vessels,  stand* 
ing  erect  as  minute  combs  at  the  dorsal  base  of  each  foot  in  the  body, 
the  branchiae  impart  to  all  the  species  of  this  genua  a  graceful  and 
characteristic  appearance.  In  every  species  the  branchial  vessels 
divide  on  a  uniform  plan  peculiar  to  this  genus.  The  primary  trunk 
rises  vertically  along  the  inner  side  of  the  branchia,  and  sends  off 
from  its  outer  side,  at  intervals,  straight  vessels,  which  gradually 
decrease  in  size  from  below  upwards ;  each  branch  forms  a  straight 
undividing  vessel,  curving  gently  upwards  and  towards  the  median 
line :  these  branches  become  in  their  number  characteristic  and  dis- 
tinctive of  species.  In  some  of  the  smaller  species  inhabiting  the 
British  coasts,  the  branchiae  are  composed  only  of  a  single  vessel ; 
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Bflts  of  A  fill  kttc^olale  \ 
nargiiMlIf  bj  i^  blood-* 
I  iIm  fines  ef  llie  edTettciiig  end  retura* 
iaf  ^«ielj  beie^  conpoeed  of  kige-ceOed  tierae,  kctiiio6e>  into 
i^hieb  tbe  pcrilooeftl  teid  pesetmes  bfeHox  end  refiox  more- 
mtoL  Tbe  brmcbw  in  X.  SiM^iu  are  stUtaied  dorsalljr,  and  ere 
•op^ied  ei  tli^  fasKi  witb  eu^  tows  of  vibntOe  ci^  Those  of 
digtmirm  fitifidm  aore  ilaukrlj  eoiKtmctedt  ahboogb  thej  differ 
dlglitljr  firaa  Iboeo  of  Ibe  fimior  geoos  in  size  and  figure.  In 
JEkmmt  amniifti  tbej  oeeor  ttttder  a  laore  devdoped  fcmii,  consti* 
toUag  ialteood,  pointed^  cixiwel-fbaped  proce6ae%  tbe  plane  of  wbicJi 
U  irerttcml  wHb  reference  to  tltat  of  tbe  bodj,  A  blood-Teasel,  as  in 
Ibe  fomer  ewe^  trenda  aioitg  tbe  borden,  immediately  beneath  Ibe 
emttote.^  Tbe  eowee  of  Ibeae  tosseU  is  followed  bj  a  row  of  large 
lod  pcwdoenl  Yibffttile  eaift. 

•"  In  Ibe  bnuiUftl  ajraleoi  of  tbe  gentas  Aemf  (Cuv.)>  L^eoris 
(SaTignjX  tbe  matottiat  eDcoQntera  a  structure  attikinglj  different 
horn  WfiM»f  Idlbcitll  tJaacfibcd,  Wbetber  roond  or  Umitiat^d,  tbe 
ITM  \imMm  la  tbla  geaia  tra  alw^js  peoetnued  hj  the  fluid  of  the 
tlieend  cavatY,  aed  the  bfaod^veaeela  aaasBM  «  peculiar  disposition, 
Wboii  tbe  braAcbial  preeeaa  la  eoftleil  In  abap^  Its  base  u  embraced 
bj  a  nikmhiti  pfoaioa  of  true  bkNid*TeaMl%  which  is  situated  quite 
•iMparfWill^  «mI  immmSUn^  ^mmttik  Hia  aptdanniB.  These  vesseld 
mm  mmk  piwiiaftiy  <l>filtt|iad  m  tbe  teial»osl  prooeas»  which, 
lbif«fiic%  8MJ  be  caUed  tbe  braAcbial.  b«t  tbey  extend  more  or  less 
<i?«r  all  Ibe  cirri*  A  bettor  cbaraeiarMe  af  tbo  btmnebiie,  both  the 
eonkal  and  tbe  foliaoeoas^  Ja  Ae  KwtMk  is  tbat  of  tbctr  being  pene- 
trated by  tbe  peritoneal  inid.  In  ibose  i^eesea  la  wUcb  tbe  bran- 
ehlat  proerea  is  roond,  tbe  interior  of  tbe  base  la  boUow,  and  fiJkd 
with  the  fluid  of  the  viaoeral  chamber.  Floaliog  in  this  flnid  may 
be  aeon,  when  viewed  transparently,  coilj  of  naked  blood  Temcli '  in 
those  in  which  they  are  Umiuated  or  foliaeeous,  as  in  Kertk  renaUs^ 
the  step  of  the  exterior  surfuce  doe*  not  extend  beyond  the  limits  of 
the  base  j  the  tint  portion,  however,  h  tunnelled  by  straight  spacious 
canslsi  which  rudiate  with  great  regularity  from  the  base  to  tlie  ex- 
pnnded  cirt'umferenft>  of  the  process*  In  these  canals  the  corpuscles 
of  the  peritonctti  lliiid  may  be  seen  rolling  to  and  fro,  advancing  and 
rsliirnliig  in  UiC  same  channel  These  movements  are  regulated  hy 
ihiiiitj  i»f  tlu!  great  curnmt  in  the  chamber  of  the  peritoneum*  This 
upi»  of  ilriictury  pro  vails  in  Nenis  nnaiiSf  A\  lon^inidma,  and  in  n 
l()|||iflX  moilillml  form,  in  conKHjucnce  of  the  less  flattened  shape  of 
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tlie  branchiae,  in  N.  viridis.  The  round  variety  of  branchial  processes 
obtains  in  iS^  margaritaceay  N.  Dumerilliiy  N,  fucatOy  N.  pelagica^ 
and  N.  brevimanus.  It  is  a  fact  difficult  to  explain  that  the  branchial 
organs  in  the  Nereids  should  be  destitute  in  every  species  of  vibratile 
cilia. 

'*  The  laminated  or  foliaceous  type  attains  the  point  of  its  maxi- 
mum development,  in  the  branchial  appendages  of  the  genus  PhyUo^ 
doce,  Bich  leaf-like  projections,  it  was  difficult  to  assign  any  other 
than  a  respiratory  use  to  these  parts  in  these  beautiful  worms.  The 
branchiaa  in  Phyllodoce  viridis  are  prominent  dorsal  appendages  :  in 
this  worm  the  blood-system  can  be  traced  only  by  a  few  scanty 
vessels  distributed  over  the  roots  of  these  processes;  nor  are  the 
canals  very  spacious  and  distinct,  they  are  more  like  lacuns  in  a 
spongy  tissue.  In  P.  bilineata  and  P.  lameUigerOy  the  radiating 
passages,  distinct  from  each  other  and  communicating  only  indirectly 
through  cells,  are  extremely  obvious  under  the  microscope.  They 
carry  the  fluid  of  the  peritoneal  cavity,  the  corpuscles  of  which  may 
be  seen  flowing  and  ebbing  in  the  same  channeL  Nothing  can,  how- 
ever, more  conclusively  prove  the  true  branchial  character  of  these 
laminsB  than  the  presence  of  cilia,  the  vibrations  of  which  can  be  ob- 
served only  at  the  edges  of  the  respiratory  laminas.  These  are  best 
seen  in  P.  lamelligera.  This  is  a  striking  point  of  distinction  be- 
tween the  Phyllodoce  and  the  Nereids^  in  which  vibratile  cilia  on  the 
branchias  have  no  existence.  The  peritoneal  fluid,  then,  may  be 
affirmed  as  that,  in  the  economy  of  the  Phyllodoce^  which  is  the 
subject  exclusively  of  the  respiratory  function,  the  true  blood  receiv- 
ing its  supply  of  oxygen  from  this  fluid,  afterwards  to  convey  it  to 
the  solid  structures  of  the  body. 

<<  lu  the  genus  Glycera  the  blood-proper  is  entirely  excluded  from 
the  organs  of  respiration.  This  office  devolves  exclusively  on  the 
chyle-aqueous  fluid,  which  in  nearly  all  the  species  of  this  genus  is 
profusely  supplied  with  red  corpuscles.  The  gills  consist  of  hollow 
cylindrical  appendages,  emanating  from  the  base  of  each  dorsal  foot 
at  its  superior  aspect,  flUed  in  the  interior  with  the  fluid  of  the  vis- 
ceral cavity ;  but  what  is  remarkable  in  the  structure  of  these  organs 
and  quite  peculiar  to  this  genus,  is  that  the  interior  parietes  of  the 
cylindrical  hollow  of  the  branchias  is  lined  with  vibratile  cilia ;  these 
motive  organules  cause  the  corpuscles  of  the  fluid  by  which  the  bran- 
chiae are  penetrated,  to  move  with  great  rapidity  in  a  definite  direc- 
tion, viz.  peripheradly  on  one  side  and  centradly  along  the  other, 
each  corpuscle  whirling  on  its  own  axis  as  it  proceeds.  Ciliary 
vibration  cannot  be  detected  on  the  outside  of  the  branchial  appen- 
dage. 
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x\'\v\  \  "i  ^i.l^,  us  ^,vT«fl<«ei£  ic  »sk'ji  «3e  ^-U\.\  ivw-vrf  flattened 
■  ■•viv-il  liui.oMid  \H'sj\M>ts»e*^  iu-jwi-reti  iat  <vAn^'-  4mJ^  richly  ciliated. 
I^!  "T  :,':.:  Ivio  '"»*•  liiAStfct-jrlT.  «aii  sEaliest  !i<»ftr  i^  wul.  The  cilia  are 
.I'^vrvi!  1  lii  ;i  ij/iiwU  liae,  ■r:\a  li*  atucV^I  to  the  extreme  end. 
\n<»wr  1  will*  -^  bo^h  ma^ifjiax  >:wer.  and  tmnsparently,  a  camerated 
iitiv.  ^oiiip'A»vU  w4'  exquifit*!/  fine  hjmdin^  cMtilage,  may  be  dis- 
i;nv<  r<  '1,  i'u>UUiu^  on  the  branchije  of  tht^  olr^ut  little  boring  Anne- 
lid lU':  «>UIm>  v^I*  lu^hanical  supports  as  a  ^uiilar  structure  was  for- 
mcrLv  !»k^wu  to  do  in  those  of  the  SaMltit. 

"  iu  Um»  genus  yerine  the  respiratory  organs  occur  under  forms  of 
the  highest  beauty.  They  constituto  tlat,  membranous,  penknife- 
shaped  appendages,  curving  graoofuUy  over  the  back  with  the  curve 
of  the  **  ring  *•  of  the  body  by  which  they  are  supported,  and  crossing 
over  the  dorsal  median  line,  and  nltornating  with  the  corresponding 
process  of  the  other  side,  Tlio  piamt  of  each  process  is  vertical  in 
relation  to  the  longitudinal  axis  of  the  body ;  they  lie,  therefore,  one 
over  the  other  in  an  imbricate  manner.  They  are  less  flat  and  close 
in  If>  vulgarii  than  in  iV.  eonioeepkaia.  They  are  largest  in  size 
Ifjwurdii  tiie  middle  of  the  body,  smallest  anteriorly  and  posteriorlj. 
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The  blood-vessels,  the  afferent  and  efferent,  run  close  to  and  parallel 
with  the  inferior  border  of  the  process ;  the  upper  part  of  each  is 
composed  of  a  membranous  lobular  addition  to  the  inferior  and  vas- 
cular portion.  Into  the  cells  of  this  lobule  the  chyle-aqueous  fluid 
slowly  finds  its  way,  and  participates  obviously  in  the  office  of  re- 
spiration. In  N.  coniocephala  it  is  remarkable  that  the  cilia  should 
be  limited  in  their  distribution  to  the  margin,  along  which  the  true 
blood-vessel  runs.  This  fact  is  less  manifest  in  N.  vulgariSy  in  conse- 
quence of  the  smallness  of  the  membranous  lobule.  In  Aricia  Cu- 
vieri  the  branchial  appendages  are  more  conical  in  figure,  more 
vertical  in  position,  and  developed  only  at  the  posterior  four-fifths  of 
the  body.  They  are  covered  with  large  vibratile  cilia,  which  likewise 
extend  over  that  segment  of  the  dorsum  which  separates  the  bases  of 
the  branchiaa.  Like  those  of  the  preceding  genera,  they  are  supplied 
with  spongy  tissue  for  the  exposure  of  the  peritoneal  fluid. 

'^  It  may  have  been  remarked,  that  in  all  the  members  of  the  pre- 
ceding family  the  real  branchial  organ  has  consisted  of  an  evolved  or 
exaggerated  development  of  the  superior  dement  of  the  dorsal  foot. 
In  the  genus  Nephthys^  which  comes  now  under  review,  it  is  the  in- 
ferior element  of  the  dorsal  foot  which  becomes  the  subject  of  this 
evolution.  Nephthys  Hombergii  of  our  coasts  is  a  remarkably  vigor- 
ous and  active  worm,  and  yet  its  organ  of  breathing  consists  only  of  a 
comparatively  smaU  curved  ciliated  process,  situated  under  cover  of 
the  dorsal  foot,  and  carrying  only  a  single-looped  vessel.  It  may  be 
mentioned,  as  an  interesting  proof  of  the  real  appropriation  of  this 
process  in  Nephthys  to  the  function  of  breathing,  that  the  same 
process,  although  similarly  shaped^  on  the  ventral  or  inferior  foot,  is 
not  provided  with  cilia,  nor  is  it  penetrated  by  any  blood-vessel. 

**  The  genus  Cirrhatulus  of  Lamarck,  and  the  allied  group  consti- 
tuted by  Savigny  under  the  name  of  Ophelia^  introduce  to  the  phy- 
siologist another  modification  of  the  branchial  organs  within  the 
limits  of  the  dorsibranchiate  order.  As  in  the  preceding  families, 
they  are  in  these  latter  only  *  developments '  of  the  dorsal  cirri.  In 
Cirrhatulus  Lamarckii,  a  linear  series  of  yellowish  and  blood-red 
threads,  remarkably  irritable  and  contactile,  project  to  a  considerable 
distance,  from  each  side  of  the  body,  thoughout  its  whole  length;  at 
the  occiput,  however,  they  are  arranged  in  a  crown-like  form.  These 
beautiful  filaments,  which  are  obviously  designed  to  fulfil  the  twofold 
office  of  touch  and  respiration,  appear  under  the  microscope  to  con- 
sist only  of  a  single  blood-vessel  inclosed  in  a  delicate  sheath  of  inte- 
gument. Closer  analysis,  however,  discovers  two  vessels  in  each  of 
these  filaments,  and  traces  of  longitudinal  and  circular  muscular  fibres 
in  the  investing  sheath.    By  the  contraction  of  this  sheath,  the  in- 
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closed  resseld  may  be  completely  emptied  of  their  blood  from  one  eni 
of  the  filament  to  the  other.  This  contraction  does  not  take  place 
eimultaneously  in  every  part,  but  undulatorily,  the  wave  motion  be- 
ginning at  the  extreme  fore-end.  It  is  especially  to  be  noted,  that, 
in  this  variety  of  appendage,  in  which  the  respiratory  is  only  an  inci- 
dental function,  there  exist  na  vibratite  cilia.  These  organs  in 
Ophelia  coartiata  exhibit  analogous  characters^  while  they  are  IfiM 
numerous  and  much  shorter. 

"  The  Apkroditacem  constitute  a  group  of  Annelids  to  which  tU€ 
term  •  dorsibrancliiate *  by  no  means  correctly  applies;  that  is,  in  the 
majority  of  the  species  embraced  in  this  order,  no  branchial  nppen* 
dages  exist,  either  on  the  dorsum  or  any  other  port  of  the  body.  Re- 
spiration is  performed  on  a  novel  principle,  of  which  no  iUustratioa 
occurs  in  any  other  family  of  worms.  In  all  Aphrodiiace<r  the  blood 
is  colourless.  The  blai>d-system  is  in  abeyance,  while  that  of  the 
chyle-aqueous  is  exaggerated.  Although  less  charged  with  organic 
elements  than  that  of  other  orders^  the  Huid  of  the  peritoneal  cavity 
in  this  family  is  unquestionably  the  exclusive  medium  through  which 
oxygen  is  absorbed.  The  true  Aphrodite  tyi>e  of  respiration  occurs 
in  Aphrodita  aculeata.  In  this  species  the  tale  of  the  real  uses  of 
the  'elytra,*  or  scales,  is  plainly  told.  Supplied  with  a  complex 
paratus  of  muscles,  they  exhibit  periodical  movements  of  elevi 
and  depression.  Overspread  by  a  coating  of  felt  readily  permeable 
the  water,  the  space  beneath  the  scales  during  their  elevation  becomes 
filled  with  a  large  volume  of  ^filtered  water,  which  during  the  descent 
of  the  scales  is  forcibly  emitted  at  the  posterior  end  of  the  body.  It 
is  important  to  remark,  that  the  current  thus  established  laves  onfy 
the  exterior  of  the  dorsal  region  of  the  body.  It  nowhere  enters  the 
internal  cavities ;  the  hitter  are  everywhere  shut  out  by  a  mem* 
branous  partition  from  that  spacious  exterior  inclosure  bounded  above 
by  the  felt  and  the  elytra.  In  this  species  the  peritoneal  chamber  is 
very  capacious,  and  filled  by  a  fluid  which  only  in  a  slight  degree 
contains  organised  particles*  The  complex  and  labyrinthic  appen- 
dages of  the  stomach  lie  Jloatinrf  in  this  fluid,  and  in  the  chambers 
which  divide  the  roots  of  the  feet.  From  this  relation  of  contact  be- 
tween the  peritoneal  fluid  and  the  digestive  caeca,  which  are  ahrat^s 
Jilfed  by  a  dark  green  chyle,  it  is  impossible  to  resist  the  conclusion 
that  the  contained  fluid  is  really  a  reservoir  wherein  the  oxygen  of 
the  external  respiratory  current,  already  described,  becomes  accumu- 
lated. From  the  peritoneal  fluid  the  neniting  element  extend**  in 
direction  of  the  cBeca,  and  imparts  to  their  contents  a  higher  chan 
of  organisation.  These  contents,  thus  prepared  by  a  sojourn  in 
oiDca  of  the  stomach,  become  the  direct  pabulum  for  replenishing  lb 
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true  blood  which  is  distributed  in  vessels  over  the  parietes  of  these 
chylous  repositories." 

The  rythmical  elevation  and  depression  of  the  respiratory  scales  of 
the  Aphrodite  are  interesting  facts,  and  we  shall  afterwards  see  their 
homologues  taking  an  important  share  in  the  locomotive  functions  of 
the  higher  organised  forms  of  Articulata. 

Most  Annelids  exude  a  tenaceous  mucus  from  the  skin  ;  the  excre- 
tory follicles  are  arranged  in  curved  rows  on  both  the  dorsal  and 
ventral  aspects  of  the  rings  in  the  leeches  and  larger  earthworms. 

The  precise  locality  of  the  secretion  of  the  horny  or  leathery  tubes 
of  certain  Annelids  is  not  yet  understood ;  but  the  tumid  ridge  around 
the  first  segment  of  the  Serpuke^  seems  to  be  the  formative  organ  of 
the  calcigerous  cells  in  the  production  of  the  shelly  sheath.  Four 
yellowish  glands,  terminating  by  a  common  orifice  on  the  first  body« 
segment  of  the  AmphUriUy  most  probably  prepare  the  mucous  cement, 
by  which  the  particles  of  sand  and  shells  are  attached  together  to 
form  their  neat  artificial  tubes.  The  long  and  delicate  cephalic  ten- 
tacles of  the  TerebelliB  take  an  important  share,  hardly  to  be  suspected 
at  the  first  glance,  in  the  nidification  of  these  humble  sea-worms. 
«  They  consist,"  writes  Dr.  Williams,  "in  71  nebulosa,  of  hollow  flat- 
tened tubular  filaments,  furnished  with  strong  muscular  j>arietes.  The 
band  may  be  rolled  longitudinally  into  a  cylindrical  form,  so  as  to  in- 
close a  hollow  cylindrical  space,  if  the  two  edges  of  the  band  meet ;  or 
a  semi-cylindrical  space,  if  they  only  imperfectly  meet.  This  inimi- 
table mechanism  enables  each  filament  to  take  up  and  firmly  grasp,  at 
any  point  of  its  lengthy  a  molecule  of  sand ;  or,  if  placed  in  a  linear 
series,  a  row  of  molecules.  But  so  perfect  is  the  disposition  of  the 
muscular  fibres  at  the  extreme  free  end  of  each  filament,  that  it  is 
gifted  with  the  twofold  power  of  acting  on  the  sucking  and  on  the 
muscular  principle.  When  the  tentacle  is  about  to  seize  an  object, 
the  extremity  is  drawn  in,  in  consequence  of  the  sudden  reflux  of 
fluid  in  the  hollow  interior;  by  this  movement  a  oup-shaped  cavity  is 
formed,  in  which  the  object  is  securely  held  by  atmospheric  pressure; 
this  power  is,  however,  immediately  aided  by  the  contraction  of  the 
circular  muscular  fibres.  Such,  then,  are  the  marvellous  instruments 
by  wliich  these  peaceful  worms  construct  their  habitation,  and  pro- 
bably sweep  their  vicinity  for  food."* 

♦  CXC.  p.  194. 
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Hitherto  the  highest  condition  of  the  nervous  system  which  we  hav^ 
observed,  has  been  that  of  detached  un ganglionic  fila-J 
10  vfT^T\  raents  diverging  from  a  single  sub-oesophageal  gang«f 

^  '  ■  ^        lion  or  from  a  simple  oesophageal  ring,  continued  un* 

connectedly  along  the  abdomen,  or  diverging  in  raya 
down  eqaidistant  tracts  of  the  common  parietes  o^ 
the  body.  If  we  have  met  with  ganglionic  masfle 
in  connection  with  colouri^d  ocelli,  these  have  been,; 
as,  e.  g-,  in  the  AcalephcD,  either  so  situated  as 
give  DO  indication  of  a  head,  or  so  multiplied  as  t<^ 
lose  all  significance  as  a  common  cerebral  centre  ol 
sensation. 

In  the   class  Annuiaiaf  the  nervous  system  ha 
reached  a  higher  type  and  more  constant  plan 
arrangement*      It  always  commences  by  a  symme*" 
trieal  bilobed  ganglion,  meriting,  both  by  its  situation 
above  the  mouth  and  by  the  parts  which  it  supplie 
the  name  of  brain,  which  it  has  commonly  received? 
The  sub -oesophageal  ganglion  i^  however,  the  ana- 
logue, if  not  the  homologue^  of  the  medulla  oblongata 
and  should  be  included  in  the  encephalic  division 
the  nervous  system  in  both  the  Articulate  and  Molj 
luscons  animals. 

In  the  medicinal  leech  there  are  sent  off  from  th^ 
Super-oBSophflgeal  ganglion  (^ff,  107,  a)  ten  dislinc 
optic  nerves  {b  b),  besides  many  smaller  filaments 
the  integument  and  other  parts  of  the  head ;  eaci 
optic  nerve  or  filament  terminates  by  expanding 
upon  the  base  of  a  black  eye-speck  or  ocellusj  ten  of  which  you  will 
easily  distinguish  by  the  aid  of  a  moderate  magnifying  power*  dotttn 
at  equal  distances  the  upper  margin  of  the  expanded  suctorial  lip. 

The  principal  nervous  productions  of  the  brain  of  the  leech  nr 
what  may  be  termed  its  crura,  which  diverge  as  they  descend 
embrace  the  cesophagus,  and  are  called  the  ccaophageal  chords ;  thejj 
then  converge  and  reunite  to  join  the  large  cordiform  8ub*ocsophogea( 
ganglion  (c).     From  this  ganglion  the  muscles  of  the  three  serrate 
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jaws,  as  well  as  the  principal  muscles  of  tbe  oral  sucker,  derive  their 
nervous  influence.  Those  who  have  watched  the  vigorous  workings 
of  this  part  in  a  hungry  leech  h^nning  its  parasitic  feast,  will  not 
be  surprised  at  the  great  development  of  the  nervous  centre  of  the 
suctorial  and  maxillary  mechanism.  Two  chords,  in  such  dose  appo- 
sition as  to  seem  a  single  nervous  band,  are  continued  from  the  sub- 
oBSophageal  ganglion  along  the  middle  of  the  under  part  of  the 
abdomen,  attached  to  the  ventral  integument^  and  inclosed,  as  it  were, 
by  the  great  ventral  vein.  Twenty-one  equidistant  rhombcndal 
ganglions  are  developed  upon  these  chords,  which  distribute  their 
filaments  to  the  adjoining  s^ments  by  two  powerful  divei^ging  trunks 
on  each  side.  The  s^ments  indicated  by  the  external  circular  in- 
dentations of  the  integument,  are  much  more  numerous  than  the 
ganglions.  Dr.  Brandt  has  detected  a  simple  nervous  filament 
continued  from  the  oesophageal  ganglion  along  the  dorsal  aspect  of 
the  alimentary  canal.  This  is  an  interesting  structure,  as  being  an 
early  trace  of  a  distinct  system  of  nerves,  usually  called  the  stomato- 
gastric  in  Entomology,  and  to  which  our  great  sympathetic  and  nervus 
vagus  seem  answerable. 

The  structure  of  the  abdominal  ganglion  in  the  Artieulaia  was 
first  illustrated  by  the  microscope  and  pencil  of  Ehrenberg  as  it 
exists  in  the  leech* ;  in  the  centre  of  the  ganglion  are  several  clavate 
corpuscles,  the  enlarged  end  of  each  being  formed  by  a  nucleated  cell, 
the  tapering  extremity  is  continued  into  tbe  diverging  nervous  chords : 
the  clavate  cells  are  arranged  in  eight  groups,  two  groups  being 
continued  into  each  of  the  four  diverging  chords  of  the  ganglion ;  a 
few  filaments  pass  lengthwise  through  the  ganglion,  and  are  in  more 
immediate  communication  with  the  cerebral  oncf 

In  the  earth-worm  the  super-oesophageal  ganglion  consists  of  two 
lateral  lobes,  which  send  off  small  nerves  to  the  proboscis  and  the 
two  large  chords  to  the  sub-cesophageal  ganglion ;  some  small  fila- 
ments are  derived  from  the  oesophageal  collar.  The  two  ventral 
nervous  trunks  are  more  distinct  from  each  other  than  in  the  leech ; 
but  the  ganglions  are  relatively  smaller  and  more  numerous^  corre- 
sponding in  number  with  the  segments  of  the  body.     Two  pairs 

*  PoggendorTs  Annalen,  1833,  and  CLXXXVL  p.  665,  tab.  vi  fig.  6.  (1834.) 
t  The  homologues  of  these  are  pointed  oat  by  llr.  Newport  in  the  Lobster 
(CXCn.  1834,  p.  406>  Dr.  Carpenter,  in  CXXXVULL  (1839),  cites  Dr.  M.  Hall 
as  haying  **  suggested  that  the  ganglionic  portion  of  the  chord  ministen  to  the  reflex 
actions  of  the  respectiye  segments,  whilst  the  white  tract  (continnoos  fllaments  in 
connection  with  the  brain)  conyejs  the  motor  infloence  of  the  cephalic  ganglia " 
(p.  62).  He  adds,  that  it  may  also  **  contey  seoaoiy  impreisioiis  to  those 
ganglia  "(ib.). 
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of  nerves  are  giren  off  from  each  ganglion,  and  a  third  pair  comes  oB 
from  the  intermediate  chords.     The  terminal  or  anal  ganglion  distriJ 
butcs  a  plexus  of  nerves  to  that  termination  of  the  bodjr. 

In  the  Nereis  the  abdominal  ganglions  are  more  distinctly  bilobed 
than  ia  the  earth-worm,  and  the  super-cesophageal  ganglion  ia  rela^ 
tiveljr  larger,  having  to  furnish  nerves  to  both  antennae  and  ocelli ;  the 
latter  projects  as  a  black  spot  from  the  base  of  each  of  the  two  chief 
cephalic  tentacles.    The  piurs  of  ganglions  developed  upon  the  vent 
chord,  correspond  with  the  segraents  of  the  body  in  number,  and  are" 
v^ry  rlose  together.     In  the  Eunice  giffantea  there  are  upwards  of 
1000  ganglia ;  but  this  eomplieated  condition  of  the  nervous  system 
is  more  apparent  than  real,  and^  like  the  multiphcution  of  the  pul- 
satile sinuses  of  the  vascular  system  in  the  same  animal^  depends! 
upon  the  vegetative  repetition  of  like  parts,  without  any  mutual  sub* 
ordination  in  reference  to  the  performance  of  a  special  oilice. 

In  the  Aphrodita  the  body  is  broader  and  thicker  than  in  other 
Anellids,  and  begins  to  exhibit  that  concentration  which  characteriseftl 
its  form  in  the  higher  Articulata-  But  the  segmental  nervous  ganglions,  \ 
though  more  closely  approximated,  are  yet  not  confluent  at  any  central 
part.     The  brain  is  heart-shaped,  having  its  bilobed  base  turned  back- 
wards, and  connected  in  the  usual  manner  by  large  oesophageal  columns 
with  the  inferior  ganglion-     The  antennal  nerves  are  continued  from  J 
the  aper.     The  visceral  nerves  are  given  off  from  the  cesophagealj 
circle^  and  pass  to  the  apper  surface  of  the  intestine,  and  there  swell  j 
into  a  small  ganglion.     The  aub-oi>sophageal  ganglion  is  of  large  size,  j 
and  bifurcates  anteriorly:  the  second  ganglion  is  situated  close  by' 
the  first,  and  gives  off  two  pairs  of  nerves;  the  third  to  the  fifteenth 
ganglions   send  off  respectively  three  pairs  of  nerves,  the  first  of  , 
which  corresponds  with  the  interganglionic  nerve  in  the  earth-worm,  [ 
and  supplies  the  branchial  organs  ;  the  second  pair  is  distributed  to 
the  ventral  muscles;  the  third,  to  the  lateral  and  dorsal  muscles.  The 
abdominal  ganglions,  which  succeed  the  fifteenth,  send  off  each  two] 
pairs  of  nerves,  and  gradually  diminish  and  approximate  at  the  pos- 
terior extremity  of  the  body-     In  this  liighly  organised  onellid  the 
nerves  may  be  distributed  into  those  of  special  scn»e  (antennal),  the  ] 
sentio-volitional,    the    excito-motory,    the   sympathetic   or  stomato-j 
gastric,  and  the  respiratory.    The  leech  is  very  susceptible  of  meteoric  1 
changes;  and  instruments  have  been  constructed,  of  which  a  very 
ingenious  one  was  shown  in  the  "Great  Exhibition  of  1851,"  in  order 
to  make  the  characteristic  movements  of  these  Anellids  subservient 
to  the  purposes  of  a  barometer. 

'*  Those  who  have  watched  the  habits  of  the  Nereids  will  scarcely] 
doubt  that  they  are  gilYed  with  the  power  of  discriminating  external  1 
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objects,  of  making  towards  some  'point,  and  of  avoiding  others.  In 
the  absence  of  such  an  optical  arrangement  as  may  be  fitted  to  collect 
the  rajs  of  light,  the  physiologist,  however,  can  form  no  conception 
of  the  mechanism  of  sight  in  these  animals,  if  this  endowment  really 
is  conferred  upon  them,  under  the  conditions  and  in  conformity  with 
the  laws  which  affect  these  organs  in  all  the  higher  animals.  It  were^ 
however,  by  no  means  irreconcileable  with  the  views  entertained  at 
present  as  probable  by  many  philosophers  with  reference  to  the  pro- 
perties of  light,  to  suppose  that  this  subtile  agent  may  be  rendered 
perceptible  to  the  sensorium  of  the  humblest  animals,  by  means  of  a 
mechanism  very  different  from  that  which  anatomists  and  opticians 
recognise  in  the  apparatus  of  an  eye.  It  is  not  essential  to  the  practical 
purposes  of  the  lowest  forms  of  life^  that  the  objects  of  the  external 
world  should  be  seen^  that  pictures  of  them  should  be  painted  upon 
the  retina ;  it  were  enbugh  that  the  mere  presence  or  absence  of  an 
objective  body  should  become  evident  to  the  sensations  of  the  aninul 
by  the  positiveness  or  negativeness  of  the  impressions  received.  A 
refinedly  exalted  sense  of  touch,  tactile  sensibility,  would  suffice  to 
accomplish  this  object  It  is  not  easy  for  those  who  have  never  enjoyed 
the  spectacle  of  the  *  feat  of  touch,*  performed  by  the  tentaculated 
worms,  to  estimate  adequately  the  extreme  acuteness  of  the  sensi* 
bility  which  resides  at  the  extremities  of  the  living  threads  with 
which  the  head  and  sides  of  the  body  are  garnished.  They  select, 
reject,  move  towards  and  recede  from  minute  external  objects  with 
all  the  precision  of  microscopic  animals  gifted  with  the  surest  eagle- 
fiight.  The  necessity,  therefore,  of  ordinary  organs  of  sight,  in  the 
present  state  of  physical  and  physiological  science,  it  is  by  no  means 
essential  to  admit,  while  acknowledging  that  under  the  agency  and 
stimulus  of  light  the  humblest  beings,  though  unendowed  with  normal 
visual  organs,  may  yet  isteer  themselves  harmlessly,  readily,  and  un- 
erringly through  the  thickly  tangled  labyrinth  of  mud  and  stone^  and 
gravel  and  weed,  amid  the  twilight  of  which  the  habitat  of  many  of 
them  may  have  been  cast. 

**  It  is  a  remarkable  fact  in  the  history  of  the  Anellids,  that  scarcely 
any  species,  however  organised,  whether  furnished  or  not  with  extern 
Hal  locomotive  organs,  in  its  numerous  and  varied  muscular  evc^utions 
ever  moves  directly  backwards.  The  movements  consist  dways  of 
serpentiform  pranks,  or  those  of  elaborate  coiling.  It  is  by  the  head, 
however,  that  the  movement  is  invariably  initiated.  The  tail  is 
always  in  the  rear,  never  in  the  van.*  • 

On  the  first  appearance  of  the  embryo  anellid,  it  usually  oonsisti  of  a 
single  segment,  which  is  chiefiy  occupied  by  a  large  mass  of  unmeta- 

«  CXa  p.  268. 


morphosed  genn-cellg.  And  these  are  not  used  up,  as  in  higher  animals, 
in  de?elopiQg  the  tiesues  and  organs  of  an  undivided  or  individual 
whole ;  but,  after  a  comparatively  alight  growth  and  change  of  the  pri- 
tnarj  segment,  proceed,  in  the  typical  orders,  to  form  a  second  segment 
of  somewhat  simpler  structure^  and  then  repent  such  funnations,  in  a 
linear  series,  perhaps  more  than  a  hundred  times.  So  that  we  may  have 
fi  seeming  individual  anellid  consisting  of  many  hundred  segments,  in 
which  a  single  segment  would  give  all  the  characteristic  organisation  of 
such  individual,  except  some  slight  additions  or  modifications  character* 
ising  the  first  and  lost  of  the  series.  Thus  the  anellids  are  more  simple 
in  their  structure  than  they  appear  at  first  sight,  especially  before 
arriving  at  full  maturity,  when  in  certain  species,  as  the  leech,  nais, 
and  eartli-worm,  particular  segments  are  distinguished  by  the  deve- 
lopment therein  of  the  special  male  and  female  generative  organs* 
With  this  characteristic  mode  of  growth  by  repetition  of  segment^v 
we  should  be  prepared  to  expect  in  these  creatures  great  powers  of 
repair  after  injuries  and  mutilations  —  powers  which  have  been  made 
the  subject  of  many  and  ingenious  experiments.  In  the  works  of 
Spalanzani  and  Bonnet  more  particularly  are  recorded  the  most 
striking  results  of  such  experiments.  A  worm  cut  in  two  was  found 
to  reproduce  the  tail  at  the  cut  extremity  of  the  cephalic  half,  and  to 
form  a  head  upon  the  caudal  moiety.  Bonnet  •  progressively  in- 
creased the  number  of  sections  in  healthy  individuals  of  a  small 
worm  or  nais,  which  he  calls  the  Ltunbricus  variegatits  ;  and  when 
one  of  these  had  been  so  divided  into  twenty-six  parts,  almost  all  of 
them  reproduced  the  head  and  tail,  and  became  so  many  distinct  indi- 
viduals. Sir  John  G.  Dalyell  has  succeeded  in  artificially  propagating 
a  Sabella  in  the  same  way.  The  small  fresh-water  naids  show  great 
powers  of  repoir  and  reproduction  ;  these  little  worms  have  a  paler 
colour  of  the  blood  than  in  most  AnnuUita ;  but  through  the  trans- 
parent skin  you  may  clearly  see  its  circulation.  There  are  some 
species  found  in  sand  or  mud,  such  as  those  that  stain  of  a  red 
colour  extensive  tracts  of  the  Thames  mud  at  low  water,  which,  when 
submerged,  habitually  protrude  the  anterior  half  of  their  body,  which 
is  remarkable  for  its  regular  oscillating  movement.  Bonnet  cut  off 
the  head  of  one  of  the  naids  of  this  genus,  which  was  soon  repro- 
duced ;  and,  when  perfect,  he  repeated  the  act ;  and  again  as  often 
AS  the  head  was  reproduced.  After  the  eighth  decapitation  the  un- 
happy subject  was  released  by  death ;  the  execution  took  efli'ect,  the 
reproductive  virtue  had  been  worn  out.  This  series  of  experiments 
occupied  the  Genevese  philosopher  two  summer  months.   Since  many 
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of  the  smaller  kinds  of  naids  frequently  expose  a  part  of  their  body, 
the  rest  being  buried  in  the  earth,  both  thej  and  their  enemies  prdit 
by  the  power  of  restoration  of  the  parts  whieh  may  be  bitten  off. 

With  this  power  of  reproduction  of  lost  extremities  is  associated 
that  of  spontaneous  propagation  by  developing  and  ^detaching  new 
series  of  s^^ents. 

Spontaneous  fission  has  now  been  obsenred  to  take  place  in  almost 
every  order  of  AnnukUa ;  and  in  all  it  takes  place  at  nearly  the  same 
party  near  the  beginning  of  the  posterior  third  part  of  the  body ;  but, 
the  formation  of  the  new  anellid  is  due  to  a  process  of  gemmatioii 
of  new  segments,  which  proceeds  from  the  last  or  penultimate  joint. 
It  is  most  common,  or  has  been  oftenest  witnessed,  in  the  little  abran« 
chial  fresh  water  naids.  But  Otho  Frederic  Mfiller  has  represented 
a  young  SyUis  (his  Nereis  proUfera)  in  the  act,  in  his  great  work, 
the  *'  Zoologia  Danica.''  Gruithuisen  has  described  the  process  in  a 
CJuEiogaster  ;  Oersted,  in  an  Eosolama;  M.  Edwards,  in  a  Myrianee 
(Nereis);  and  Schmidt  in  a  tubicular  anellid,  called  FUograna 
SchleidenL* 

The  place  where  the  process  of  forming  the  new  s^^ents  is  to  be 
carried  on,  is  soon  indicated  by  a  alight  swelling  and  increased  Tascular 
action.  If  the  head  or  anterior  segment  of  the  species  be  charac- 
terised by  eye-specks,  antennas,  a  proboscis,  or  branchise,  these  are 
developed  in  a  certain  and  always  recognisable  degree,  before  the 
final  separation  takes  place.  In  the  Myrianee^  the  coloured  eyes  in- 
dicate the  young  fry.  In  the  cephalobranchiate  anellid,  the  gills 
are  shown,  in  the  stage  of  fission  represented  by  Professor  Schmidt^ 
as  four  pairs  of  articulated  filamentary  vascular  processes.  In  the 
Nats  probosddia^  the  characteristic  proboscis  shoots  out  from  the 
nascent  head  of  the  young  worm,  which  is  thus  duly  armed  before  it 
is  cast  off  to  provide  its  own  nutriment.  The  last  joint  of  the  young 
naid  is  specially  ciliated,  like  that  of  the  mother ;  and  the  corre- 
sponding portion  of  the  alimentary  canal  has  thick  walls,  with 
numerous  filamentary  or  vascular  appendages.  This  gemmiparous 
segment  resumes  its  procreative  function  in  the  parent  as  soon  as  the 
lineaments  of  the  head  of  the  first  young  nais  are  established ;  and  a 
second  young  nais,  with  a  rudimental  proboscis,  intervenes  between 
the  first  and  the  original  parent ;  sometimes  even  a  third  nais  is  indi- 
cated by  the  elongation,  swelling,  and  active  vascularity  of  the  last 
joint ;  and  thus  four  generations  of  naids  may  be  seen  ofganically 

*  The  ill  sacccis  of  a  later  experimenter  does  not  justify  the  oontemptiioas  tone 
in  which  the  results  of  his,  perhaps  more  tkilfiil  and  carefti],  predecesson,  are 
rejected.    See  CXC.  paasim. 
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connected  and  constituting  one  individual.  Sucli  individual  is  dtj 
to  the  succession  of  incomplet*  gemmations  ;  the  i*eproductive  pi'ocesi 
is  completed,  and  the  compound  animal  ia  resolved  into  the  single 
todiriduals,  bj  spontaneous  fission.  The  nucleated  cells  that  are 
aggregated  in  the  penultimate  or  proligerous  segment,  form  a  signt* 
iicant  feature  in  its  organisation.  As  long  as  the  anelHds  propagate 
by  this  primitive  mode,  thej  manifest  no  ovaria  or  testes.  These  are 
developed  in  those  individuals  which  arc  propagated  hy  gemmation 
and  spontaneous  Bssion,  when  tht^  proper  season  for  oviparous  gen^ 
ration  has  arrived.  M.  Edwards  observed,  that  a  nereis  allied 
3ft/riaries  generated  in  succession  six  young  from  the  same  poeteri|| 
segment,  each  of  which  developed  the  true  generative  organs,  witho 
the  parent  itself  showing  any  trace  of  Uiem.  M.  Quatrefugea  ha 
noticed  the  same  fact  in  a  species  of  S^Uis, 

In  many  of  the  Anellids,  therefore,  the  phenomena  of  parthen 
genesis  are  manifested  in  the  immature  state ;  and,  since  the  iad 
viduals  so  propagated  alone  acquire  the  generative  organs,  an  alb 
nation   of  generations  may  here  be  aflirmed  of  such  species: 

oviparous  individuals  producing  eggs  from  which  th 
gem  mi  parous  individuals  come,  and  tliese,  in  their  tur 
reproducing  the  oviparous  individuals, 

I  next  proceed  to  point  out  the  chief  modifications 
the  generative  organs  properly  so  called.  And  first,  i 
to  the  generative  organs  of  the  leech.  In  the  wediciti 
species  {Hirudo  or  Sangnimga  medieinaiU)  may  be  see 
a  number  of  pairs  of  little  gray  rounded  bodies,  uauo 
nine  pairsi,  which  are  the  testes,  ^/rjjf.  iOS.,  a  a;  the 
are  round  whitisli  sacs,  containing  a  milky  fiuid,  abouoij 
ing  in  spherical  sperm-cells,  A  little  duct  proceeds  from 
each  to  a  common  longitudinal  vas  deferens  (h\  nea 
the  anterior  fourth  of  the  leech,  which  forms  a  saccu 
lated  vesicula  seminalis  (c  c)i  each  of  which  sends  i( 
duetto  a  common  small  pyriforra  prostatic  gland  (c),  fron 
which  is  prolonged  a  filiform  intromiltent  organ  (/*),  which 
projects  from  the  ventral  surface  of  the  twenty^four 
ring.  But  the  leech  is  androgynous,  and  the  fema 
organs  are  situated  behind  this  prostate  and  penis,  be- 
tween the  seventh  and  eighth  abdominal  ganglia  ;  they 
consist  of  two  gubapherical  ovaria  (a),  two  short  oviducts 
(h\  which  unite  to  form  a  single  oviduct  (c?)  that  expands  into 
pyriforra  muscnlar  uterus  («f). 
Brandt  and  Ratzeburg  ♦  found  in  the  bodies  which  they,  wit 
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preceding  anatomists,  call  the  ovaries,  roundish  corpuscles  with  a 
reticulate  surface,  presenting  in  that  structure  an  unmistakable  resem- 
blance to  the  parts  regarded  by  Weber  as  the  ova  of  the  medicinal 
leech,  and  by  Wagner  as  those  of  the  H.  vulgaris. 

The  uterus,  dy  has  a  glandular  lining  membrane,  a  muscular  tunic 
of  longitudinal  and  transverse  fibres,  and  a  cellular 
outer  coat.  It  opens  by  a  short  duct,  or  vagina,  on 
the  twenty-ninth  ring.  It  contains  a  collection  of 
eggs,  with  chorion.  Brandt  remarked,  in  a  much 
distended  uterus,  although  the  m^jor  part  of  its  con- 
tents had  been  already  evacuated,  a  delicate  mem-  ' 
brane  like  the  chorion  of  an  ovum,  in  which  were 
many  small  yellowish  corpuscles,  very  like  the  above 
described  ova,  which  led  him  to  suppose  that  that 
^^^^^'  delicate  membrane  was  the  already  developed  inner- 

most cocoon-skin. 
In  the  naids  the  orifices  of  the  male  and  female  organs  are  in  two 
pairs,  situated  about  the  anterior  third  of  the  body.  In  the  Nais 
proboscidia  the  ovarium  is  included  by  the  substance  of  the  testis. 
Two  csBca  extend  inwards,  at  the  breeding  season,  from  the  two 
anterior  generative  pores,  which  are  then  found  filled  with  sperma- 
tozoa grouped  into  fasciculi,  and  probably  received  from  another 
individual  in  coitu.  The  ova  are  carried  out  by  long  convoluted 
oviducts. 

In  the  earth-worm  the  external  characters  of  the  generative  organs 
may  be  clearly  seen  in  Hunter's  dissections.  We  perceive  here,  that 
the  generative  apparatus  is  more  concentrated  in  the  earth-worm  than 
in  the  leech,  and  more  individualised  than  in  any  other  animal  of  the 
anellidous  class.  The  three  pairs  of  small  opaque  organs,  which 
Hunter  regarded  as  testes,  may  possibly  be  only  *<  spermathecae,** 
like  the  anterior  pair  in  the  naids.  They  are  laden  with  spermatoza 
during  the  breeding-time.  The  germinal  vesicles  and  developing  ova 
are  found  in  the  larger  gray-coloured  cseca ;  each  of  which  sends  out 
a  distinct  short  oviduct,  and  these  combine  into  a  common  oviduct  on 
each  side,  opening  behind  the  orifices  leading  from  the  testes  or  sper- 
mathcca).  If  a  section  of  one  of  these  ovarian  sacs  is  made,  it  is 
found  filled  with  a  spongy  mfitter  in  the  centre,  and  the  ova  are 
situated  in  this.  The  common  oviduct  from  each  lateral  series  of 
ovaria  terminates  in  the  fissure  upon  the  sixteenth  segment^  about 
one-third  from  the  head.  It  is  interesting  to  note  here,  that  the  con- 
dition and  function  of  the  oviduct  in  the  earth-worm  is  analogous  to 
tlie  arrangement  of  the  generative  parts  in  plants.  In  plants,  the 
part  answering  to  the  oviduct  is  a  distinct  canal,  communicating  with 
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the  pistil,  and  serriug  to  convey  the  pollen  to  the  ova ;  but  the  ova 
afterwards  escape  by  rupture  of  the  ovarium,  or  by  what  the  botanist 
calls  dehiscence  of  the  eeed-capsule.  It  is  exactly  so  with  the  earth- 
worm ;  the  so-called  oviducts  serve  to  convey  the  impregnating  prin- 
ciple to  the  ova,  which  escape  into  the  abdominal  cavity  of  the  earth- 
worm, hy  bursting  through  the  ovarian  sacs.  In  these  sacs,  however, 
there  Is  always  found  a  quantity  of  spermatozoa  in  diflerent  stagea  of 
development;  and  accordingly  the  generative  organs  of  the  earth- 
worm are  open  to  two  interpretations.  The  anterior  organs  may  be 
regarded,  as  by  Hunter  and  Cuvier,  as  the  testes,  or  they  may  answer 
only  to  the  sperm atheca  in  insects ;  and,  in  that  case,  the  true  male 
organ  may  be  that  external  spongy  part  which  surrounds  the  proper 
ovarium;  and  this  would  not  be  a  solitary  instance  of  such  lui 
arrangement  of  the  essential  organs  of  generation  in  the  animal  king- 
dom, but  one  which  is  very  common  in  the  androgynous  gasteropods. 
However,  there  is  much  room  for  research  and  experiment  to  clear 
up  this  difficult  moot-point. 

Both  the  leech  and  the  earth-worm  enjoy  a  double  or  reciprocal 
coitus ;  the  leech  has  a  true  perforated  intromittent  organ ;  the  earth* 
worm  has  not.  During  the  breeding  season,  however,  two  imperforate 
appendages  are  developed  from  about  the  thirty -second  ring  ;  their 
base  adheres  intimately  to  the  cellular  tissue  ;  they  have  no  commu- 
nication with  the  genital  apertures ;  are  developed  only  at  the  breed- 
ing season  ;  and  are  deciduous.  The  second  accessory  organ  is  that 
thickened  part  of  an  earth-worm  which  is  situated  between  the  thir- 
tieth and  the  fortieth  segments  ;  it  is  called  the  *'clileilum,"  and, 
when  two  earth-worms  are  disturbed  iii  eotiu,  the  adhering  clitelta 
are  the  last  parts  to  give  way. 

With  regard  to  the  dors i branchiate  and  tubicolar  Anellides,  many 
of  these  are  ditocious.  The  sperm-sacs  or  testes  are  situated  on  the 
ventral  aspect,  between  the  layers  of  the  ventral  muscles*  The  deve- 
lopment of  the  ova  is  more  clear  and  obvious;  because  they  are  com- 
monly remarkable  for  the  bright  colour  of  their  vitelline  mass ;  and 
the  number  of  ova  is  so  grcat»  that  the  ordinary  colour  of  the  aneUi* 
is  changed  at  the  breeding  season.  Thus,  in  the  Aphrodite  cirrai 
Sars  found  that,  in  February,  the  three  posterior  fourths  of  the 
were  of  a  brilliant  red  colour,  on  account  of  the  great  number  of 
there  accumulated.  Neither  testes  nor  ovaria  have  external  ducts  ; 
the  products  of  both  are  discharged  by  dehiscence,  into  the  abdomi- 
nal cavity,  and  are  excluded  by  pores  situated  near  the  base  of  the 
eetigerous  feet.  In  the  AphroditCi  the  ova  pass  between  the  dorsal 
scales,  and  there  development  takes  place.  There  is  but  one  known 
genua  of  anellid  that  exhibits  external  sexual  characters^  viz.*  the 
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Exogone  or  Cystonereis.  In  the  females  the  middle  segments  exhibit 
pyriform  sacs,  attached  to  their  ventral  surface,  which  receive  the 
ova  after  they  arc  impregnated ;  the  male  is  without  these  and  is 
smaller.  The  genus  Eunice  is  viviparous,  and  the  young  escape  from 
the  ruptured  skin  of  the  hinder  segments. 

Finally  there  remains  to  be  considered  the  development  of  the  ge- 
nerative products.  As  to 
the  spermatozoa,  these  are 
formed  in  a  number  of  cells 
connected  together  by  a 
spherical  mass,  and  stud- 
ding its  surface.  {Fig.  WOy 
A.)  Each  cell  is  the  seat 
of  development  of  a  sepa- 
rate spermatozoon,  and  this 
in  its  growth  pushes  the 
cell-wall  outward :  the  fila- 
mentary extremities  di- 
verge from  the  common 
basis  of  the  sperm-cells 
(c)  ;  then,  by  mutual  attraction,  they  become  amassed  together  (d)  ; 
and  the  bundle  is  finally  resolved  into  the  individual  spermatozoa  (b). 
Dr.  A.  Farre  has  communicated  to  me  the  following  phenomena 
which  he  witnessed  during  microscopical  observations  of  the  sperma- 
tozoa of  the  earthworm.  He  placed  the  contents  of  the  testis  between 
two  slips  of  glass.  '*  In  about  ten  minutes  the  whole  mass  is  seen  to 
heave  and  writhe  with  astonishing  energy,  the  form  of  the  movement 
being  that  of  the  peristaltic  action  of  the  intestines.  Everything  in 
contact  with  the  spermatozoa  becomes  ciliated  by  them,  one  end  of  the 
filaments  fixing  itself  whilst  the  other  vibrates  free.  The  result  is, 
that  if  the  body  to  which  the  spermatozoa  attach  themselves  is  fixed, 
such  as  the  glass,  on  the  margin  of  a  mass  of  granules,  a  line  of  cilia 
is  formed,  whose  action  creates  a  strong  current,  and  everything 
moveable  is  drawn  into  the  vortex,  and  is  seen  dnfting  rapidly  along. 
But  if  the  body  to  which  they  attach  themselves  is  moveable,  such  as 
the  globular  bodies  found  in  the  testis  itself,  or  those  which  occur  in 
every  part  of  the  ovary,  and  which,  being  extracted  from  the  latter, 
are  placed,  for  the  sake  of  experiment,  amongst  the  spermatozoa  from 
the  testis,  then  the  globular  bodies  soon  become  clothed  with  sperma- 
tozoa, whose  free  ends*,  moving  rapidly,  cause  the  whole  body  to  rotate. 
A  most  remarkable  object  is  thus  formed,  which  continues  for  a  con- 
siderable time  in  motion,  clearing  for  itself  a  free  area,  and  in  this  it 
revolves,  whilst  its  revolutions  are  apparently  assisted  by  the  action 
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of  other  spermatozoa*  winch,  having  attached  tlicmselros  to  the  pen-< 
phery  uf  tlie  cleared  ^ptice,  keep  up  a  complete  vortex,  in  which  thcil 
centre  body  is  partly  a  paBslve  and  partly  an  active  a^ent  This  re^ 
inarkable  property  of  spermatozoa,  in  performing  the  ofliee  of  cilia,! 
16,  as  fur  as  I  am  aware,  a  new  fact,  and  one  wliifh  may  serve  tc 
explain  possibly  the  transference  of  the  sperm  fluid,  or  even  of  ovaJ 
of  various  animals  along  surfaces  or  tubes  not  naturally  ciliated."* 

In  regard  to  the  devxdopment  of  the  ova  and  embryo  in  the  earths 
worm,  the  ova,  when  they  are  impregnated,  are  discharged  from  thai 
ovarium,  pass  into  the  abdominal  cavity,  and  are  pressed  on  to  a  re-l 
ceptacle  near  the  anal  end  of  the  worm.  Dr*  A.  Farre  has  traced  the 
developm'rnt  in  some  instances,  which  is  so  far  analogooa  to  that  of 
the  Ascarls,  that  the  ijmbryo  acquires  the  worm^like  form  before  It 
leaves  the  egg.  It  npprmrs  that  some  earth-worms  are  developed 
before  they  are  excluded,  but  \h\s  is  not  always  I  he  case,  Th^ 
whole  of  the  process,  however,  is  complicated  and  obscured  by  a  coti^ 
siderable  number  of  ijarnsites,  eggs  of  gregarinje  and  pseudo-imvicella 
capsules,  so  that  it  is  one  of  the  most  perplexing  fields  of  microscopiQ| 
observation* 

The  generative  phenomena  of  the  leech  are  Ie.?s  dubious.  MrJ 
Quekett  and  others  have  found  that  the  spermatozoa  are  developed  ill 
the  testes,  a.Ji^,  108*,  in  the  same  manner  as  in  the  earth-worm  and 
other  Anellids.  The  ova  of  the  leech  are  spherical,  and  exhibit, 
when  found  in  the  ovarii^  a,  fig,  lOf).,  and  oviducts,  the  usual  con-^ 
etituents  of  ova.  There  is  a  germ-yolk  with  a  germinal  vesicle  and 
spot,  and  a  delicate  vitelline  membrane.  When  the  ova  are  received 
into  the  uterus,  the  germinal  spot  has  disappeared,  intimating  thn 
inij>regnation  has  taken  place,  and  a  ddicate  reticulate  chorion  id 
arfjuired. 

The  medicinal  leech  is  oviparous;  the  fertile  ova  arc  successivelji 
discharged  In  groups  of  from  six  to  fourteen,  enveloped  in  n  nidad 
or  cocoon  of  mucus.  The  cocoon  is  ovate,  two-thirds  of  an  inch 
in  lengtli,  and  half  an  incli  in  diameter.  It  lias  a  tlocculent  outef 
surface,  but  is  smw^th  and  slightly  luberculate  within  ;  a  more  con- 
spicnous,  though  minute  albuminous  plug,  projects  inwards  fron 
each  pole  of  the  cocoon.  l\\  the  month  of  August,  conical  exca^ 
vat  ion  8  may  be  observed  in  the  glimp  at  the  ddey  of  the  reservoir,  ii| 
each  of  which  there  is  a  cocoon.  The  formation  of  the  cocoon  13  thd 
result  of  a  curious  mamcuvre.  In  the  IJirndo  vulgaris^  wheij 
the  cocoon  ia  about  to  be  formed,  the  body  is  observed  to  be  greati] 
contracted,   both  above  and  below    tl»e    uterus;    the   included   purl" 
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swells,  tlien  becomes  milky  white,  from  the  formation  of  a  film,  into 
which  the  animal,  having  attached  itself  by  its  anal  sucker,  forces, 
after  some  effort,  the  whole  contents  of  the  uterus.  This  being  done, 
the  leech  elongates  the  anterior  part  of  its  body,  and,  thus  loosening 
the  enveloping  membrane,  withdraws  its  head  as  from  a  collar.  It 
sometimes  bends  back  its  head,  and,  drawing  the  collar  forwards, 
gently  aids  in  its  removal.  The  process  usually  occupies  about  twenty 
minutes.  The  cocoon  is  at  first  very  elastic,  and  has  no  determinate 
figure.  After  the  leech  has  attached  to  it  some  adjoining  substance, 
it  fashions  it  with  its  mouth  into  an  oval  form.  The  points  of  the 
cocoon  from  which  the  leech  withdrew  its  head  are  weaker  than  the 
rest,  and  from  these  the  young  escape. 

Mr.  Brightwell,  who  has  carefully  observed  this  common  species  of 
our  freshwater  pools,  states: — **  On  the  2nd  of  June,  IL  vulgaris 
deposited  one  capsule  containing  ova;  on  the  5th,  another;  on  the 
10th,  another;  and  on  the  loth,  two  more ;  each  of  them  containing 
from  seven  to  ten  eggs.  On  the  22nd,  the  young  appeared  in  the 
capsule  deposited  on  the  2nd  ;  and  on  the  13th  of  July  they  emerged 
from  the  capsule,  and  in  six  weeks  were  fully  developed,  and  left  the 
capsule.  Examining  the  young  of  this  species  with  a  power  of  about 
sixty  linear,  we  detected  a  Cypris  and  four  specimens  of  a  common 
rotiferous  animalcule  in  its  8tom«ich,  one  of  the  Rotifera  being  still 
alive.'** 

Both  Weber  t  and  Filippi  J  have  figured  ova  of  the  leech-tribe  in 
certain  stages  of  cleavage ;  but  the  primary  and  subsequent  steps  of 
this  important  process  in  aneliidous  ova  were  first  noticed  by  Kolliker  § 
in  a  small  Nereis  (Exogone  Orstedii),  with  the  impregnated  ova  con- 
tained in  marsupial  sacculi  arranged  in  two  rows  along  the  ventral 
side  of  the  body ;  each  sacculus  held  a  single  ovum,  and  was  sus- 
pended, a  pair  to  each  segment  from  the  tenth  to  the  twenty-third 
inclusive,  by  a  short  stem  to  the  ventral  integument.  These  sacculi 
are  probably  formed  by  albuminous  mucus,  exuded  and  hardened  by 
sea-water.  Kolliker  figures  the  single  central  germ-cell ;  the  double 
germ -cell,  followed  by  the  total  fission  of  the  yolk  with  the  secondary 
germ-cell  in  each ;  these  cells  again  divided,  and  the  consequent 
quadrifid  division  of  the  yolk  ;  followed  by  successive  subdivisions, 
as  in  the  Ascaris. 

In  the  egQ  of  Clcpsine\\,  after  the  disappearance  of  the  germinal 
vesicle  a  whitisli  discoid  mass  of  molecular  corpuscles  appears  at  one 
end  of  the  yolk.  Assuming  this  to  mark  the  pole,  the  first  line  of 
ch^avage   is  a  meridional   one,  which  bisects   the   disk  unequally : 
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a  8eeoiid»  lUrd»  aad  fcMtk  fraw—l  di^  sKceed  tmA  odier,  and 
llieii  Um  joik  is  fwrtWr  sdk£vided  hf  wt  c«|«aioml  deft  into  nine 

Biiiii  ii»<^  j^««^  33  ^  :  —  ~:^"-  appears 

it  tilt  ffmta^  p^.  :  ociE  inia 

fc^ytrwitifcp^iiBiinif   misli  Is.     Hid 

k  %hm  yult-  —in  tkaa  m  tiit  N«ei^;  iB4  althp^lii  tie  spootaneous 

tlyyi  1^  qrpieal  «rdc»  of  tbi  dms. 

TU^  Wit  MCMSt  «r  ife   I     ihiBMl  «i  Ite  Ma»»al  1m^  b 
giT«si    bkjr  C^  Mm  B^  ir«A9%  wfcoa*  &MaiiH«   tre  €vpii:il    by 

Bvmdt  and  [tit2i^bvip.t    T^^m^'^  ^  **>■  "*>'» «•  cffiftMei^ 

Ii«nffii4ii  aiivi  Biibmu«fin»i ;  it  l»  «slt«iii  wilib  fS^ijr,  and  can 
bardlj  he  taken  &o<d  t^  eaTitf  aai^JKwd  Wbea  the  aas^  lias  been 
te  valtf^  it  awaflNi  a  li^(lii^  ami  faww    Sane  of  iha 

t  of  til*  daivmt  of  tie  jdk  Ibto  loa  liieffTeJ  la  ^-s  in  the 
CM3CIM3Q I  two  «f  lla$«  appear  to  hm  %w«d  bf  W«ber4  Wtie^  tli€ 
yolk  Ua^5  ttadergoiii  iti  inMif iria^  aa<i  ita  ptrifhctal  gferataa  km  baea 
metaitiorpboacil  into  tila  fiiaifea  gM  lafiit »  igfO  dear  apicc  <ir  cdl 
I  in  line  oaMtCi-i^otti  wlikti  an  btfanidil^iilxr  caaal  extent^  tc^  and 

upon,  a  pait  af  thm  pctii^rr,  isotci^I  bj  a  cilisb^  epiltieliain ; 
tbe  sucker,  wlhidi  afV<»nrarifa  fitfias  ili«  montli^  b  here  deTcfc^wd,  and  U 
the  first  recognisable  part  of  the  future  leech.  The  mouth,  when  the 
embryo  is  little  more  than  a  line  in  length,  (iilates  and  contracts,  and 
some  tine  lines  radiating  from  it  already  indicate  the  muscles  sub- 
servient to  the  act  of  nutrition,  which  consists  in  the  embryo's 
swallowing  the  surrounding  albumen.  The  integument  extends  in 
a  straight  line  from  the  mouth,  along  a  narrow  median  tract  of  the 
ventral  surface  of  the  germ-mass,  to  about  one-third  from  the  opposite 
end ;  and  when  the  embryo  is  three  lines  in  length,  if  it  be  placed  in 
alcohol,  and  afterwards  in  water  to  restore  the  transliicency  of  the 
gelatinous  parts,  the  ganglionic  chain  may  be  traced  along  the  median 
line  of  this  part  of  the  integument.  When  the  ganglions  are  visible 
without  chemical  preparation,  the  mucous  loops  begin  to  appear  as 
whitish  transverse  sti*eaks.  Next,  the  anal  sucker  is  d-veloped,  and 
the  cephalic  end  of  the  embryo  begins  to  stietch  forth  from  the  yolk 
or  germ-mass.  The  testes,  with  their  common  sperm-duct  on  each 
side,  and  the  ovaria  and  uterus,  are  now  discernible  ;  but  they  are 
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proportionally,  especially  the  testes,  more  minute  than  the  mucous 
loops  and  round  mucous  sacs,  whose  development  keeps  pace  with 
that  of  the  general  integument.  The  circulation  can  be  discerned 
before  the  pigment-cells  are  formed  in  the  skin ;  and  the  large  lateral 
veins  arc  early  conspicuous.  The  superficial  cilia  disappear ;  and  the 
embryo,  which  hitherto,  by  its  vibratile  surface  and  single  opening  of 
the  digestive  cavity,  has  resembled  a  planaria,  now  acquires  an  anus. 
The  yolk-mass  is  progressively  pushed  by  the  growth  of  the  integu- 
ment to  the  dorsal  and  anal  parts  of  the  body,  the  last  remnant 
appearing  as  a  conical  papilla  above  the  anal  sucker.  The  internal 
yolk-mass  is  divided  by  the  growing  septa  or  constrictions  of  the 
stomach,  the  intervening  dilatations  of  which  are  afterwards  developed 
into  sacculi,  and  of  these  the  last  pair  is  already  the  largest ;  the 
remainder  of  the  yolk  is  inclosed  by  the  intestine,  whose  outlet 
surrounds  the  external  projecting  part.  The  alimentary  canal  con- 
tracts and  expands  on  the  contained  yolk -material.  This  course  of 
development  extends  over  six  weeks.  Weber  traced  it  from  the  6th 
of  July  to  near  the  end  of  August.  At  this  time,  the  young  move 
about  in  the  cocoon,  which  may  contain  from  five  to  fifteen ;  the 
comparative  paucity  of  the  young,  even  when  a  vigorous  leech  suc- 
cessively forms  and  fills  as  many  as  six  cocoons,  agreeing  with  the 
small  size  and  number  of  the  ovaria.  They  escape  by  perforating 
one  end  of  the  cocoon,  and  are  subtransparcnt,  but  show  as  many 
rings  as  the  parent.  But  little  growth  takes  place  up  to  the  month 
of  December :  the  young  get  sustenance  by  sucking  the  mucus  of  the 
parents,  but  will  grow,  if  isolated,  by  assimilating  the  remnant  of  the 
yolk-mass  in  the  stomach.  The  period  of  acquiring  the  full  growth 
and  power  of  propagation  depends  much  on  the  opportunities  the 
young  leech  may  have  of  sucking  the  blood  of  other  animals.  John- 
son believes  that  five  years  elapse  before  the  medicinal  leech  is 
full-grown,  and  speaks  of  one  which  he  kept  alive  twenty  years.  Do 
Blainville  found  two-year-old  leeches  only  three  inches  long.  Audouin 
could  not  succeed  in  keeping  them  beyond  from  eight  to  twelve  years, 
when  they  were  allowed  to  propagate.  The  Naides  and  ArenicoltB^ 
according  to  the  author  of  the  "  Report,"*  are  annuals.  "  They  are 
born  during  the  latter  months  of  one  summer,  and  survive  the  winter, 
attain  to  the  maturity  of  growth,  reproduce  the  species,  and  die  by 
the  spontaneous  subdivision  of  the  body  into  fragments  on  the  arrival 
of  the  same  season  of  the  succeeding  year." 

Koch  I  found  a  specimen  of  Eunice,  probably  E,  sanguinea^  with 
developed  embryos  in  most  of  the  joints ;  some  of  the  hindmost  seg- 
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§eemed  to  hare  been  spontaneously  cast  off,  and  the  embryos 
from  the  ruptared  Burfuce.  Those  at  the  lowest  obserred 
PlA^e  of  developroent  presented  a  roundish  or  oblong  form  with 
SeeMe  lateral  indentations  indicating  two  or  three  segments,  a  wide 
mtary  canal  ftUed  with  the  yolk-mass,  and  no  trace  of  antennae, 
eye-^pecks,  or  jaws.  When  the  embryo  has  attained  one  line 
]  tngihf  the  segments  are  defined  and  increased  in  number  to 
twenty  or  thirty;  on  the  anterior  half  of  these,  commencing  with 
the  third  segment,  the  conical  bases  of  the  setigerous  feet  are  de- 
veloped; the  segments  appear  to  be  increased  in  number  by  sac* 
eessire  divisions  of  the  second ;  a  pair  of  eye-specks  and  jaws  are 
next  developed ;  and  the  segments,  being  multiplied  and  provided 
with  single-bristled  feet,  the  young  Eunice  presents  the  characters 
of  a  Lumbrinereii  of  Audouin  and  Edwards. 

Tn  most  branchiated  anellids  tlie  embryo  is  excluded  as  a  ciliated 
leroidal  animalcule.  It  lengthens,  partially  casts  its  cilia,  retaining 
tnem  arranged  either  in  a  cincture  round  the  middle  of  the  body,  or 
in  two  bands  one  about  each  extremity.  At  the  anterior  end  the  eyes 
'**  eye-specks  appear ;  the  segments  are  indicated  on  the  rest  of  the 
dy,  and  the  tubular  feet  and  their  bristles  sprout  forth ;  the  little 
anellid  afterwards  taking  on  tbe  modifications  which  distinguish  its 
family,  its  genus,  and,  finally,  its  species. 

.  In  the  development  of  the  typical  Anellids,  there  is  something,  there- 
fore, which  merits  the  name  of  a  metamorphosis.  Professor  Lov^n, 
for  example,  captured,  in  August,  on  the  shores  of  the  Baltic  Sea,  a 
discoid  animalcule  {fig.  Ill),  which  rapidly  moved  by  means  of  two 
rows  of  vibratile  cilia  :  the  principal  row  being  situated  upon  a  pro- 
jecting ring  (A),  at  the  margin  of"  the  disk.  This  ciliated  body  dif- 
fered from  the  gemmules  of  the  Polypi,  in  being  provided  with  a 
mouth  (c)  and  an  anus  (c),  the  latter  occupying  the 
apex  of  the  cone.  The  course  of  the  alimentary 
canal,  which  extended  from  one  to  the  other 
aperture,  was  detected  by  feeding  the  little  anima^ 
with  indigo.  In  a  short  time  the  cone  began  to 
elongate  and  to  be  divided  into  segments,  which 
were  developed  in  four  parts,  the  two  principal 
pieces  forming  half-rings,  one  upon  the  upper,  the 
other  upon  the  lower  surface,  which  were  united  by 
two  shorter  side-pieces.  Coincident  with  the  elon- 
gation and  segmentation  of  the  body,  Avas  the  de- 
Embryo  Jf  Nerds,  velopment  of  the  head  from  the  discoid  surface  (a), 
upon  which  first  the  black  ocelli,  and  then  two 
pointed   filaments,  or  antennse  (/),    made   their   appearance.     The 
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length  of  the  body,  and  the  nunaber  of  segments,  continued  to  in^ 
crease,  the  disk  with  its  vibrating  cilia  (6)  still  existing.  This  disk 
is  afterwards  reduced  to  an  appendage  on  each  side  of  the  head,  and 
finally  disappears.  The  new  rings  are  added  in  front  of,  and  not 
behind,  the  older  ones,  agreeably  with  the  order  of  development  of 
the  segments  in  the  Botliriocephali,  described  in  a  former  lecture. 
Each  ring  originally  consists  of  an  upper  (g)  and  an  under  half- 
ring  (h),  analogous  to  the  tergum  and  sternum  in  the  external 
skeletons  of  insects.  The  tubular  and  setigerous  feet  are  lastly 
developed  from  the  small  lateral  pieces.  These  observations  beau- 
tifully exemplify  the  repetition  of  structures  and  phenomena,  charac- 
teristic of  mature  animals  widely  separated  in  the  natural  scale,  in 
the  immature  states  of  an  intermediate  species. 

With  regard  to  the  genus  Aphrodite^  Sars  *  took  a  small  species, 
in  the  month  of  February,  on  the  Norwegian  coast,  which  produced 
richly-coloured  ova,  and  he  traced  the  successive  development  of 
these.  He  found  that  the  ova  escaped  from  small  pores,  and  were 
received  into  a  kind  of  pouch  beneath  the  dorsal  scales,  and  there 
underwent  their  development  and  escaped.  He  observed  the  geo- 
metrical division  of  the  rose-coloured  yolk,  and  the  clear  spot  in  the 
centre  of  each  successive  division.  The  embryo  is  an  active  loco- 
motive oval  mass,  with  a  little  group  of  cilia,  and  an  indication  of  an 
eye-speck  to  guide  its  course ;  after  swimming  freely  for  twenty-four 
hours  the  development  of  segments  commenced.  In  the  Cystonereis^ 
in  which  the  ova  arc  incubated  in  marsupial  sacs,  the  development  of 
the  animal  appears,  as  in  Koch's  Eunice^  to  take  place  without  that 
amount  of  metamorphosis  which  has  been  observed  in  other  Errantia, 
First,  there  are  two  short  tentacula,  then  three;  then  the  animal 
elongates,  and  before  it  quits  the  marsupium,  it  presents  a  recog- 
nizable miniature  of  the  parent. 

Observations  have  been  made  on  the  development  of  the  tubicolar 
anellids  by  Milne  Edwards.f  He  found  a  group  of  ferruginous  yellow 
ova,  aggregated  in  a  gelatinous  mass,  at  the  entry  of  the  tube  of  the 
Terebella  7iebidosa.  The  embryo,  when  excluded,  is  monadiform, 
and  swims  by  the  vigorous  vibrations  of  its  superficial  cilia;  it 
lengthens,  and  the  cilia,  which  at  first  were  generally  diffused, 
become  confined  to  a  cincture  behind  the  head,  a  transverse  ventral 
band  near  the  tail,  and  a  small  circle  round  that  part.  The  head  is 
distinguished  by  two  red  eye-specks ;  new  segments  are  successively 
added,  one  behind  the  other,  and  always  in  front  of  the  anal  one; 
but  as  yet  the  embryo  is  apodal.     The  tubercles  and  setaj  are  next 
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cMH*.     FlMdfy»  the  dfift  4f  ibe 

TetdHAi  trptwn,  »d  oivtlopc*  UaM  m  m  mtmoam  twh$.    It  k 
Mfttii  iadb  ta  knflii^  nd  ibe  cmolilaoa  bbj  be  ann  la  tlie  4i 
Voed;  tli£  bnodbiil  fikBeBta^  iinJ  the  eephalk  i 
TIf«t  ifl  eta  dbii  JUmmtata^  Om  ohtmim^om 
bw  m  thtj  hsTe  e«teiiiMI»  A^w  tbmt  iu  pti)gfu»  wmrw  in 
orient  mmI  in  m  ONDor  li^ree  ia  dii^reBt  liwitirt   Tht  twhtjo  d  i 
keeb,  ii  iooB  ei  it  H  vMwUmaBa^  or  nade  dbdncl  irmm  the  ^er 
»ttii^  preMM  tlic  ^mmdtuMe  tarmm  mml  lotmmHwt  tm^ims  of  the 
pttfetit:  t't  lniliiaig%  tmif  Im  m  irerf  tiniwiem  wmj,  dnriitg  ibe  deTeb>|>- 
mmi  of  tbii  farm,  mne  cb«rKlefiftlf»  of  tbo  TmrbeUmna.    Ia  iJia  , 
Cttrth-vomi  Ibe  olttfiwie  fom  la  obCaioed  bf  a  sofceemTe  derc 
»eot  of  iff  BMtBt^  vitboot  eaj  fveiioos  iWe  loeomocioo  of  tfae  embfjo 
ee  m  ctUated  OMiied.    Tbe  enbrjoe  to  eooiie  fiTiporood  ErraBtia,  cl  g, 
Bttmk€  ojhI  Cjpi^mereu^  ere  el  lint  tteefduiletH^  ipode],  cad  abrsacbiel, 
bat  do  ool  BMiiifot  a  rotifer-lifca  fteft*    The  yoaag  of  otber  < 
braoeBete  wd  of  eone  oepbalolinaidbiam  aadtide*  on  tbe  cewungy^  I 
•lert  tnUf  free  locomotire  life  imder  a  form,  end  wttli  laetraaiaiia 
end  jaodf^a  of  locoiootioTi,  quite  dtslioct  frooi  Ibose  that  diaracteriaa  . 
ibe  eddf.       We   niej  benee  di^oce  tbe  neceastlf  for  eea^oa  la  I 
l^iieriilUtng  un  to  the  metaraorpboeifl  or  non-metamorpbodj  of  a  par* 
Itcalar  ckdA.     A  verj  iDteresling  pbenomenoti  in  tbe  development  of 
•mne  of  tbe  Erraniia  is  that  which  hsfl  been  noticed  in  the  joung 
Dfc^rfnin  tk\Mic\t^  when  It  hm  acquired  the  farm  of  the  parent:  it$ 
ntaiiifi^tfitioD,   viz.,   of  a  power  of  parthe oogenetic  propagation  hj 
virtue  uf  the   releniion   of  unchanged   germ*cells   or  nuclei  io  tbe 
penultimate  anil  last  segments  of  (he  bodj :  it  would  seem,  moreover, 
that  it  did  not  devolope  male  or  female  organs  in  its  own  person,  but 
that  thede  are  furmc^d  in  the  olTspring  propagated  bj  gemmation  and 
fijiontaneoui  fiHuiori*     Should  these  observations  receive  confirm n Hon 
nnd   extension,   they   will  »how   that   such  Annulata  are  suhject  to 
what    hfl8  been    called   "alternate  generation,"  although   somewhat 
modilled  as  cornpiired  witli   th  at   which   has   been   noticed   in   the 
Eniozoa  and  Aealephm. 


Cf-Asa  ANNULATA. 


Botiif  soft,  F3Tnmitrical,  vern^I/urmj  armulnttd;  wiili  swckerf,  ^ela? 
or  ftetigeroua  lube-feit.  Alimtitliiiy  c«r<al  vilh  two  nperlures  and 
proper  parieted.  A  vascular  9}*»  tcni  cinulnfing,  in  mctl,  red  bleed  : 
reiipiratory  organs.     Ganglionic  double  nervous  chord. 
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Order  Suctoria  (Leeches). 

Body,  terminated  bjr  a  sucker  at  each  extremity,  without  setce  or 
tubular  feet.  Alimentary  canal  adherent  to  the  integument.  An- 
drogynous and  ametabolian. 

Grenera  Branchiobdella,  Piscicola^  Clepsine,  Nephelis,  HbemopiSj 
Sanguisuga,  Pontobdella.  (This  aberrant  order  leads,  by  the  Ne- 
mertine  worms,  to  the  Turbellaria,) 

Order  Terricola  (Earthworms,  Naiads). 

Body,  long,  cylindrical,  the  rings  provided  with  setae.  Alimentary 
canal  closely  attached  by  numerous  bands  to  the  abdominal  walls. 
Androgynous. 

Genera  CJuetogaster,  Enchytraus,  Nats,  Lumbriculusy]  BuaxeSf 
Seenuris,  Lumbricus,  Stemcupis, 

Order  Errantia.  (Nereids,  Sea-centipedes,  Lug-worms^ 
and  Sea-mice). 

Body-rings  with  tubular  setigerous  feet;  external  gills  on  the 
greater  number.  Alimentary  canal  loosely  attached  to  the  ab- 
dominal walls.     Dicccious.     Metabolian. 

Genera  Arenicola,  Ammotrypane,  Chtetapterus,  Ancia,  Aricinella, 
CirratuluSy  Ophelia,  Peripatus,  Glycera,  Nephthys,  Alciopa,  Syllis, 
Phyllodoce,  Hesione,  Lycastris,  Nereis,  Oenone,  Aglaura,  Lumbri' 
nereis,  Eunice,  Amphinome,  Sigalion,  Polynoe,  Aphrodite. 

Order  Tubicola  (Animal-flowers). 

Body-rings  with  tubular  setigerous  feet ;  gills  attached  to  or  near 
the  licad.  Alimentary  canal  loosely  connected  with  the  abdominal 
walls.  Dioecious.  Metabolian.*  Inhabiting  natural  or  artificial 
tubes. 

Genera  Serpula,  Sabella,  AmphitrUcy  Terebella,  Amphicara^ 
Chlomma. 


*  The  Sabdlina  brachycera,  Dcyardin  ( Annales  des  Sciences  Nat  t.  xL  1839,  p. 
291,,  pi.  7.  f.  6.},  and  the  Anisomeleus  luteiu,  Templeton  (Trans.  ZooL  Soo.  t  ii. 
pi.  Y.  figs.  9 — 14.),  are  probably  larvse  of  Tabicobir  anellids. 
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LECTURE  XIII. 

EPIZOA  AND  CIRRIPEDIA. 

The  phenomena  of  the  generation  and  development  of  the  animal 
kingdom,  so  far  as  we  have  traced  them,  must,  akeadj,  have  impressed 
us  with  the  inadequacy  of  the  knowledge  of  the  nature  of  an  animal 
in  its  final  and  complete  stage  of  existence  only,  for  the  determination 
of  its  affinities  and  proper  place  in  the  natural  system.  This  we  have 
learnt  from  a  study  of  most  of  the  previous  classes  of  animals ;  it  is 
more  plainly  demonstrated  by  the  subjects  of  this  day's  discourse.  I 
may  also  here  observe,  that  whilst  it  is  essential  to  trace  the  meta- 
morphoses of  each  species  in  order  to  rightly  comprehend  its  true 
nature,  the  study  of  the  generative  organs  shows  that  we  cannot  rely 
on  them  alone  for  a  system  of  classification.  We  saw,  for  example, 
that  some  of  the  anellids  combined  both  male  and  female  organs  in 
the  same  individual,  while  others  had  tho^e  organs  separate  and 
peculiar  to  distinct  individuals ;  one  order  was  androgynous,  another 
dioecious.  In  the  earth-worm  we  had  evidence  of  a  certain  concen- 
tration of  the  generative  system  within  a  few  segments ;  in  the  leech, 
of  a  sub-division  and  more  extended  placing  of  the  male  organs : 
but  this  vegetative  character  was  most  remarkable  in  the  dioecious 
anellids,  in  which  almost  every  joint  presented  either  its  pair  of  testes 
or  of  ovaria,  according  to  the  sex  of  the  individual.  Then,  in  refer- 
ence to  the  progress  of  development  of  these  worms,  some  transitorily 
manifested  the  form  and  character  of  one  class,  inferior  to  them  in  the 
animal  scale,  and  others  those  of  another  lower  class ;  thus  the 
embryo  leech  represents  the  planaria,  whilst  most  of  the  higher 
anellids  quit  ihe  ovum  in  the  infusorial  form.  The  further  progress 
of  development  was  interesting,  since  it  reminded  us  of  that  singular 
propagation  of  certain  Acalepha?,  in  which  the  larva  produced  other 
larvae  like  itself,  before  it  was  metamorphosed  into  the  final  form  of  a 
medusa.  For  the  ordinary  mode  of  growth  of  the  Anellid,  by  the 
development  of  joint  after  joint,  one  precisely  similar  to  the  other, 
throughout  a  series  of,  perhaps,  hundreds  of  joints,  with  only  the  first 
and  the  last  segments  distinguished  by  any  peculiar  characteristics, — 
all  this  process  of  growth  looked  very  like  an  incomplete  partheno- 
genesis ;  but  this  mode  of  production  is  fully  manifested  by  the  suc- 
cessive casting  off  of  groups  of  segments,  with  the  characteristic  head 
and  tail,  as  in  the  instances  cited  in  the  preceding  Lecture ;  the  young 
anellid  from  the  ovum  propagating  at  first  by  gemmation  and  spon- 
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taneous  fission  ;  and  the  individuals  so  produced  developing  the 
ordinary  organs  of  generation. 

The  low  organised  articulated  classes,  which  succeed  the  Anellids 
in  the  rising  progress,  undergo  such  extraordinary  metamorphoses 
before  attaining  their  mature  state,  as  to  mask  their  true  relations, 
not  only  to  the  class,  but  to  the  primary  division  of  animals  to  which 
they  belong.  This  is  especially  the  case  with  the  creatures  whose 
organisation  and  development  will  form  the  subject  of  the  present 
Lecture^ 

This  elongated,  cylindrical,  unarticulated  Lernaea  {Jig.  112),  whose 
smootii  soft  body  seems  devoid  of  any  other  appendages  than  the  two 

U3 
112  *^ 


Peniculiu  fistula.  k 

Balanus  sulcatiis. 

long  slender  ovisacs  (/),  might  be  regarded,  on  the  full  of  these  de- 
ciduous appendages,  as  one  of  the  entozoa  of  the  fish  to  which  it  is 
attached,  and  on  the  nutrient  juices  of  which  it  subsists. 

This  Ballanid  {Jig,  113),  imprisoned  in  its  conical  calcareous  shell, 
and  cemented  to  the  stone  on  which  it  grew,  might  seem  as  naturally 
to  belong,  like  its  neighbour  the  limpet,  to  the  testaceous  Mollusca. 

How  minute  and  accurate  must  have  been  the  investigation  of  the 
forms  and  structures  of  these  animals,  at  every  stage  of  their  exist- 
ence, before  tlio  truth  began  to  dawn,  that  they  were  more  nearly 
allied  to  one  another  than  to  any  other  class  of  animals !  The  most 
vivid  imagination  of  the  boldest  generaliser  or  speculator  upon  the 
unity  of  organisation  in  the  Animal  Kingdom  could  never  have  di- 
vined that  the  Lernaea  and  the  Cirriped  were  at  one  period  of  their 
lives  locomotive  animals,  swimming  about  under  very  similar  forms, 
and  by  almost  identical  natatory  instruments, — not  under  the  com- 
mon ciliated  infusorial  form,  in  which  the  Polype,  Acalepho,  Echino- 
derm  and  certain  Entozoa,  Anellids,  and  MoUusks,  first  enter  into 
active  life, — but  with  symmetrical  pairs  of  jointed  setigerous  legs  like 
those  of  the  full-grown  errant  Anellids  and  the  lower  organised 
Crustaceans,  to  which  the  Epizoa  and  Cirripedia  are,  in  fact,  essen- 
tially  and  most  closely  allied,  although  they  end  their  career  as 
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sedentary  Animals  under  such  different,  such  diversified,  and,  ofteiiy 
such  grotesque  forms. 

These  metamorphoses,  moreover,  lead  to  very  dtOcrent  results^  as 
respects  the  powers  of  their  subjects,  from  those  of  the  Medusa  and 
Comatuhi.  The  Epizoa  and  Cirripeds  acquire  increase  of  balk  and 
organs  of  generation ;  but,  in  every  other  respect,  the  varied  course  of 
their  development  ends  in  a  retrograde  movement.*  Their  develop- 
ment would  seem  to  have  been  at  first,  as  it  were,  hurried  forward  at 
too  rapid  a  pace,  and  the  young  parasite,  starting  briskly  into  life, 
ranging  to  and  fro  by  the  highest  developed  natatory  organs  we  have 
yet  met  with,  and  guiding  its  course  by  visual  orgnns,  must  lose  iU 
eyes  and  limbs  before  it  can  fulfil  the  destined 
purpose  of  its  creation. 

The  Epizoa^  by  which  name  we  recogTiise  the 
singular  class  of  animals  which  iufcst  tlie  skin,  the 
eyes,  and  the  gills  of  fishes  and  other  marine  ani- 
mals,— these  external  parasite^?,  wbich  arc  as  nu- 
merous as,  and  perhaps  more  mmierdus  than,  the 
whole  class  of  fishes, —  are  disdngnishcd  in  their 
mature  state  by  a  body  of  a  more  or  less  elongated 
or  sub-cylindrical  form,  defended  by  a  smooth,  semi- 
transparent,  parchment-like  integuments  having  a 
more  or  less  distinct  head,  and  generally  a  pair  of 
long  cylindrical  ovisacsf  (^ffs.  112,  1 1 4^  /),  depen- 
dent from  the  opposite  extremity  of  the  body. 

In  this  low  organised  class  of  Articulate  animals, 
as  in  the  classes  which  commence  all  other  great  pri- 
mary groups,  there  is  an  extensive  gradation  of 
forms  by  which  we  pass  from  species  slightly  ele- 
vated above  the  cavitary  Entozoa  to  the  true  Crus- 
taceans. 

The  lowest  and  most  simple  Epizoa  adhere  by  a 
suctorious  mouth  {Jig*  114,  a),  and  traces  of  ex- 

•  LXXXIV.  p.  155.(1843.)  "II  faut  done  distinguer 
avcc  soin  les  formes  zoologiques  qni  peuvcnt  etrc  assimilees  h 
celles  qui  produirait  iin  arret  de  developpement  chez  d'autres 
animaux  de  la  meme  serie,  et  ccllcs  qui  resultcnt  d'un  de- 
veloppement recurrent" — Milne  Edwards,  "Annales  des 
Sciences."     Feb.  1844,  p.  77. 

t  By  these  appendages  the  Epizoa  are  distinguished  from 
those  highly -organized  Entozoa  —  the  Lingtiatula,  e.  g., — 
which  by  tlie  inferior  size  of  the  male,  the  complex  structure 
of  the  female,  the  two  pairs  of  articulated  and  uncinated  limbs  of 
the  larva,  and  the  grade  of  development  of  the  nervous  system, 
PenicQloi.  ■^®"*  ^  ™*^^  ^^®  nearest  approach  to  the  present  group. 
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tremities  exist  orxlj  in  the  form  pf  a  few^  minute  pairs  of  obtuse  inar- 
ticulate processes  (b).  In  the  higher  organised  species,  the  adhesion 
is  effected  by  suctorial  (/ig.  116,  m)  or  prehensile  limbs,  or  by  jointed 
mandibles,  with  terminal  hooks  or  forceps  {^g.  115,  b).  The  head, 
in  most  of  the  species,  is  found,  when  closely  examined,  to  present  a 
pair  of  jointed  antennae  (^gs.  115,  ^^  1 17,  c),  which,  contemplated  by 
the  experienced  naturalist,  cognisant  of  the  value  of  such  characters, 
might  excite  the  suspicion  that  relations  to  higher  Articulata  than 
the  Anellids  were  hidden  under  the  bloated  form  which  indolent 
and  gluttonous  habits  had  superinduced  upon  the  pendent  parasite. 
Observation  of  it  during  its  early  and  locomotive  state  has  proved 
this  to  be  actually  the  case  to  an  extent  which  could  not  have  been 
anticipated. 

The  Epizoa  are  of  distinct  sexes:  the  male  (^.  117)  appears 
always  to  retain  his  freedom,  and  is,  perhaps  on  that  account,  singu- 
larly smaller  than  the  female,  generally  not  more  than  a  fifth  part  of 
her  size ;  consequently,  for  a  long  time,  the  males  escaped  recognition. 
They  adhere  to  the  vulva  of  the  other  sex  with  one  antenna  usually 
inserted  therein.  The  female  individuals,  distinguished  throughout 
a  great  part  of  the  year  by  their  pendant  ovisacs,  are  the  examples 
usually  seen  of  this  curious  class ;  and  in  these  I  shall  proceed  to 
describe  the  anatomical  characters  of  the  Epizoa. 

The  body,  independently  of  the  ovisacs,  is  generally  divided  into 
two  segments  :  the  anterior  and  smaller  division  sometimes  supports 
a  distinct  head,  but  more  commonly  corresponds  with  the  cephalo- 
tliorax  of  the  Crustacea :  the  larger  segment  is  called  the  abdomen, 
and  in  it  the  ovaria  are  developed.  You  will  not  unfrequently  find 
adhering  to  the  eye  of  tlie  sprat  an  Epizoon  or  Lernaea  *,  which  is  a 
nearly  allied  species  of  the  same  genus  (Peniculus)  as  the  specimen 
figured  and  described  by  Nordmann  {^g.  112)t,  which  infests  the 
boar-fish  {Zeus  aper).  In  the  Peniculus  JUtuUt^  the  head  {fig.  114, 
Ji)y  is  oval  and  notched  anteriorly,  each  division  being  armed  with  an 
inwardly  bent  hook,  or  rudimental  jaw  (c).  The  mouth  (a)  is  imme- 
diately beneath  these,  in  the  form  of  a  circular  orifice,  supported  by  a 
short  cartilaginous  tube.  At  the  posterior  contracted  part  of  the 
head  are  two  pairs  of  short,  oval,  flattened  processes  (b) :  a  constric- 
tion or  neck  separates  them  from  the  thorax,  at  the  commencement 
of  which  there  is  a  third  pair  of  similar  rudiments  of  locomotive 
appendages.  The  thorax  (t)  is  round,  and  separated  by  a  constriction 
from  the  abdomen  (a  b\  a  fourth  pair  of  appendages  (6)  being  de- 
veloped from  the  interspace.  The  basis  of  the  smooth  parchment- 
like   integument    is  chitine.     The   alimentary  canal  {d)  is  much 

•  CCVin.  t  LXXL  Hcfk.  ii. 
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oonirtctod  in  tho  neok  and  thorax,  but  expands  in  the  abdomoi 
into  a  moderately  wide  and  uniform  intestine,  which  again 
•lightly  contracts  to  terminate  by  a  distinct  anus  at  the  hinder 
•xtremity.  The  alimentary  canal  has  the  same  simple  straight 
flourie  in  other  species  of  Epizoa.  One  cannot  be  surprised  at  this 
0Orraspondence  with  its  general  condition  in  the  cavitary  £ntoso^ 
when  tho  similarity  of  their  easily  assimilable  nutriment  is  remem- 
bsrad.  Tito  intestine  is,  however,  complicated  in  the  Epizoa  with  a 
oonglomerate  or  minutely-lobed  adipose  mass,  which  surrounds,  like 
a  nat-work,  nearly  the  whole  extent  of  the  abdominal  tract  of  the 
intestine  in  L$maa^  Lemeoeera^  and  Lamproglena^  and  which 
Mordmann  supposed,  fVom  its  gland-like  character,  might  fulfil  the 
function  of  a  liver. 

In  some  species  which  attach  themselves  to  the  gills  and  the  like 
favourable  positions  for  an  abundant  supply  of  the  most  nutritious 
fluids  the  body  is  frequently  deformed,  as  it  were,  by  excessive 
growtbi  and  cncal  productions  from  the  simple  straight  intestine  are 
continued  info  the  prolongations  of  the  thoracic  or  abdominal  walls. 
The  Nicotho(S|  a  small  parasite  of  the  gills  of  the  lobster,  is  an  ex* 
ample  of  this  condition  of  the  digestive  organ.  The  first  segment  of 
the  body  is  produced  into  two  lateral  symmetrical  wing-shaped  lobes, 
each  four  times  the  length  of  the  segment  to  which  they  are  attached, 
and  they  contain  corresponding  caecal  prolongations  of  the  straight 
intestine.* 

In  tho  Pt'NicNlas/hfttla,  tho  abdomen*  contains,  in  addition  to  the 
alimentary  canal,  two  slender  tubes,  the  ovaria  and  oviducts  (o,  o\ 
commencing  by  blind  extremities  near  the  anterior  part  of  the  dilated 
intestine,  and  continuing  with  a  slightly  wavy  course  to  terminate  at 
the  two  apertures,  to  which  the  ovisacs  are  attaclied.  These  ovisacs 
(/)  singularly  resemble  the  seed-capsules  of  certain  plants,  the  Cassia 
Jtstuloy  e.  g.,  being  divided  into  a  series  of  cells  or  chambers  by 
transverse  septa,  placed  at  regular  distances.  Each  cell  contains  an 
elliptical  or  lenticular  ovum. 

Two  slender  white  filaments  (g  g)  running  almost  parallel  with, 
but  at  a  distance  from,  each  other,  through  the  whole  length  of  the 
under  surface  of  the  abdomen,  nearer  the  margins  than  the  middle 
line,  form  the  chief  and  most  conspicuous  part  of  the  nervous  system. 

The  Epizoa  differ  from  one  another  in  their  mode  of  adhering  to 
the  fish  they  infest :  some  stick  fast  by  a  suctorial  mouth ;  others  by 
processes  that  grow  from  the  head  ;  but  the  most  common  mechanism 
«f  adhesion  in  this  singular  class  is  a  circular  sucker,  ^^.  116,  m, 
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the  larva ;  g  is  the  caudal  end  of  the  body  ;  /  the  ventral  surface, 
with  the  aperture  of  the  shell  from  which  the  cirrigerous  feet  pro- 
trude :  e  is  the  dorsal  surface.  The  relative  position  of  the  retracted 
soft  parts  to  the  multi valve  shell  is  shown  in  fig,  121. 

All  the  sessile  Cirripeds  are  strongly  defended  by  a  multivalve 
conical  shell,  closed  by  a  four-valved  operculum  {fig,  1 13).  The  base 
of  the  shell  is  usually  formed  by  a  calcareous  plate,  and  the  walls  are 
apparently  divided  into  twelve  conical  compartments,  six  of  which 
(a  a),  called  ''arese  prominentes"  and  "parietes,"  rise  from  the  margin 
of  the  base^  and  terminate  in  a  point  at  the  free  margin  of  the  shell ; 
whilst  the  other  six  {bb\  in  the  form  of  inverted  cones,  called  '*arese 
depressae*'  and  "  radii,"  occupy  the  interspaces  of  the  preceding  series. 
This  calcareous  citadel  is  divided  into  from  four  to  eight  pieces  by 
fine  sutures.  The  piece  at  the  part  of  the  shell  nearest  which  the 
cirri  (c)  are  protruded  is  called  the  "  carina ; ''  the  opposite  piece  is 
the  "  rostrum."  The  symmetry  or  bilaterality  of  the  shell  is  deter- 
mined by  these  pieces,  which  have  two  lateral  appendages,  called 
"  alae."  Three  pieces  are,  in  Octomeris^  interposed,  on  each  side,  be- 
tween the  carina  and  rostrum.  They  are  called  '' carino-lateral," 
"lateral,"  and  "rostro-lateral."  The  two  first  have  a  radius  on  the 
carinal  side,  and  an  ala  on  the  rostral  side ;  the  third  piece  has  a 
radius  on  each  side.  Our  common  Acorn-shells  (BalanuSy  fig,  113) 
have  two  pifeces  on  each  side,  the  "  carino-lateral  **  and  "rostro- 
lateral."  Each  piece  consists  of  an  outer  and  inner  plate,  united 
by  longitudinal  plates.  The  whole  shell  has  a  cellular  and  or- 
ganised texture,  and  its  gradual  expansion  is  provided  for  by  the 
successive  growth  and  calcification  of  processes  of  the  mantle  which 
penetrate  the  uniting  sutures.  The  cone  is  lengthened  and  widened 
below  by  successive  additions  to  its  base,  and  is  widened  superiorly 
by  the  gradual  increase  in  breadth  of  the  wedge-shaped  pieces  of  the 
second  or  inverted  series.  In  the  Tubicinella  *,  a  parasitic  balanid 
of  the  whale,  the  compound  shell  is  a  long  subcylindrical  tube,  re- 
minding us  of  that  of  an  amphitrite  ;  but  the  animal,  in  both  sessile 
and  pedunculate  Cirripeds,  is  fixed  to  the  bottom  of  the  shell  with 
the  head  downwards,  and  the  head  is,  therefore,  superior  in  the  ordi- 
nary pendent  position  of  the  barnacles  {LepaSyfig,  121). 

The  external  integument  consists  of  chitinef ,  which  also  forms  the 
animal  basis  of  the  shell  %  >  ^^^  calcareous  part  of  the  latter  consists 
of  99-3  of  carbonate  of  lime,  with  0*7  of  phosphate  of  lime§.  The 
chitine  is  lined  by  a  soft  vascular  corium,  the  formative  organ  of  both 
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crUiqtte  poiition,  like  ihc  barbs  of  a  feather,  or  the  vnne  of  an  arrow,! 
wli«ii09  llic  f  pcrific  nnuiM  Sae/iUft,  givrii  to  this  parasite.     The  ciiuda 
Umdltf!  of  iha  higher  Cruiitacao  would  aecm  to  b^  liere  Bketclied  out 
Tho  ttitatoniy  of  the  Kpizoa  baa  been  most  elaborately  traced  out 
by  Nordmunn*  in  the  pura^itn  of  the  common  perch,  called  Achther^^J 
In  Ihlii  tfieeieji  two  hi  I  era  I  teeth  prey  eft  from  the  circular  mouthy  ih^ 
liibial  margin  of  whiefi  is  fringetl  with  bristles.     Here,  also,  we  Lave 
niandiltleji  (7i),  and  inoxillnp,  the  latter  provided  with  palpi;  and,  1 
iidea  tlM'Rc,  a  pair  uf  jolnteil  anti-nnit?  (e),  encb  terminated  by  three 
•elfli*    Now,  tliii^  i»  a  very  impurlaut  external  character;  it  ia  the  first 
inrianco  of  trut;  jointed  antenna}  that  we  have  met  with  in  our  ascend* 
Ing  tiirvoj  of  the  animnl  kingdom,  and  the  acute  zoologist  mtgbt  be 
led  lo  fiurmlse,  from  their  presence,  that 
relntitins  of  higher  aflinity  were  maskedi 
beneath  I  he  general  character  of  the  ver- 
miform body  of  the  parasite,  and  we  shsIC 
bo  able  to  raise  the  mask  a&  we  trace  tbej 
metaniurplujses  of  the  species.     The   oUJ 
mentary  canal  1$^  as  usual,  stratght,  and! 
tcrtninated  by  a  bituhcreulate  vent  (r),  at 
the  opposite  extremity  to  the  head.     The 
abdonunnl   intestine  (r/),  is  fusiform,  andi 
diviiled  by  a  series  of  slight  constrietionsi 
into  sacculi.     It  is  maiut»ined  in  its  posi* 
tion  by  a  IrnnsveTse  muscle  (/i).     The  he- 
patic organ  (e)  is  more  concentrated  than , 
in  the  PtnkuiuJit  and  surrounds  the  ante-*! 
rior  part  of  the  caunh     The  walls  of  the 
abdomen  are  distinctly  provided  with  lon- 
gitudinal (t)  and  transverse  (A),  fa^eicuUi 
of  muscular  fibres.     The  nervous  system  I 
consists  of  a  single  cephalic  ganglion,  from.! 
which  are  continued  two  principal  cbord«l 
(^)t  extending  along  the  under  surfiice  of 
the  body. 

The  circulating  Huid  consists  of  a  clea 
plasma,  with  granuhir  corpuscles  of  diffc-^ 
rent  forms  and  siac-s.     The  pulsatile  vasi- 
form  heart  may  be  seen  at  the  middle  line^ 
of  the  cephalo-lhorax  propelling  the  bloo 
forwards  by  rythmicid  contractions.     Two  canals  (iiX  pass  from  it' 
into  the  hollow  prehensile  feet-     The  rest  of  the  blood  is  dlstri-^ 
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buted  to  the  head,  and  along  each  side  of  the  commencement  of  the 
alimentary  canal  to  the  under  part  of  the  body,  where  it  passes  back- 
wards in  the  vessel  which  accompanies  the  intestine. 

The  ovaria  at  first  appear  in  the  form  of  a  slightly  flexuous,  long, 
blind  tube,  sacculated  along  one  side  {Oyfig.  116).  As  the  ova  are 
developed,  the  ovarium  takes  on  the  form  of  a  bunch  of  grapes,  and 
occupies  the  whole  cavity  of  the  abdomen  external  to  the  intes- 
tine d :  each  ovarium  terminates  by  a  triangular,  and  somewhat  pro- 
minent orifice,  to  which  the  external  ovisac  (/)  is  appended. 

The  Epizoa  are  remarkable  for  the  disproportionate  size  of  the 
sexes.  In  the  minute  male  (Jig.  1 17),  the  testes  are 
indicated  by  four  dark  coloured  and  finely  granulated 
bodies  {d  d)  situated  in  the  posterior  segment  or 
abdomen.  He  appears  like  a  mere  parasite  of  the 
female  to  which  he  adheres,  near  the  vulva,  and 
having  usually  one  antenna  inserted  into  that  aper- 
ture. 

The  first  remarkable  circumstance  in  the  natural 
Achtheret,  mala  history  of  the  aquatic  Epizoa  is  the  constancy  with 
Magnified.  ^^ich  particular  spccics  infest  particular  fishes  or 
Crustacea.  And  how,  it  may  be  asked,  can  creatures  so  devoid  of 
means  of  transport,  nay,  in  most  instances,  of  the  power  of  detaching 
themselves  from  the  animals  whence,  like  foetuses,  they  derive  their 
means  of  growth,  originally  reach  the  precise  species  of  animal  and 
organ  to  which  they  are  habitually  attached  ? 

Are  certain  of  the  ova  accidentally  retained  near  the  parent  after 
the  rupture  of  the  ovisac  ;  and  do  they  there  grow,  like  seeds  of  plants 
fallen  in  a  favourable  soil  ?  Or,  do  some  of  the  liberated  ova,  by  a 
happy  fortuity,  arrive  at  the  appropriate  organ  of  the  appropriate 
species  ;  and  are  they  there  accidentally  retained  until  the  prehensile 
instruments  are  developed?  SucVhypotheses  maybe  permitted  in 
reference  to  the  ova  of  an  Entozoon,  which  are  developed  by  millions, 
and  need  only  gain  an  entry  into  the  animal  they  may  infest,  or 
which  may  be  the  common  food  of  the  species  in  whose  intestine  they 
are  adapted  to  exist ;  but  the  ova  are  too  few  in  the  Epizoa,  and  the 
parts  to  which  they  are  attached  are  too  exposed,  to  allow  of  the 
supposition  that  their  parasitic  growth  is  dependent  on  such  acci- 
dental circumstances. 

MM.  Audouin  and  Edwards  appear  to  have  been  the  first  to 
suggest  that  the  sedentary  Lemsean  Epizoa  might  enjoy  at  a  previous 
period  of  existence  locomotive  powers,  and  the  hypothesis  was  sup- 
ported by  the  discovery,  made  by  Dr.  Surriray  *,  of  the  embryo  of  a 
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I^emeeacera,  etill  in  the  ovum,  which,  mstetid  of  resetnblitig  I 
parent,  presented  the  characters  of  a  locomotiTe  Entomostracoi 
monocalous  Crustacean. 

The  lingular  nictamor[>hosiB  thus  indicated  has  b«*.en  traced  otil  ai 
generalised  by  the  careful  observations  of  Dr.  Noniinaiin«  T 
folluwiug  is  the  course  of  development  of  the  Lernasan  {mrfi&tie  of  t 
Perch. 

The  female  Achtberca  is  devoid  of  ovigerous  appendages  in  t 
rooDthe  of  December,  Januarj,  and  February.  Di  March  they  m 
developed  by  the  e version  of  a  membrane  prepared  in  the  ovarii 
sac.  Each  sac  hangs  by  a  short  tubular  peduncle  which  is  in  dire( 
communication  with  the  short  oviduct.  The  outer  membrane  of  i1 
ovum  or  chorion  is  moderately  thick  and  transparent ;  the  inner  men 
brnne  is  tlilnner,  and  includes  both  the  vitelline  mass  and  albume] 
The  yolk  forma  the  largest  proportion  of  the  contents  of  the  ovun 
and  ia  finely  granular.  One  of  the  first  parts  of  the  embryo  discerne 
by  Nordmann  was  the  dark  ocellus  (Jig*  1 1 8,  i?.).  A  pa 
of  cylindrical  processes  shoot  out  from  each  side  of  ti 
fore  part  of  the  embryonic  or  vitelline  mass ;  and 
pencil  of  hairs  is  developed  from  the  extremity  of  eao 
process.  The  body  (d)  slightly  elongates,  the  extertd 
Achih^w.  Egg  albuminouB  fluid  (c)  increases,  theinner  membrane  (i 
and  Embryo,  expands,  and  the  outer  one  (a)  bursts  and  is  shed.  Th 
movements  of  the  imprisoned  embryo  increase  in  force  until  it  bursi 
the  remaining  obstacle,  and  escapes  from  the  ovigerous  sac.     It  the 

presents  the  form  represented  in  figm 
1 19.  The  digestive  sac  (A)  is  now  discern 
ble,  together  with  a  peculiar  tortuous  tub 
(ff'\  which  is  continued  from  the  moutl 
The  1  acorn o live  organs  are  in  two  pain 
and  consist  of  tubular  processes  of  th 
integnmentf  including  a  fnscicQlua  ( 
bristles  ;  they  now  present  the  type  of  those  of  the  Anellids.  An 
since  we  were  led  from  the  Infusoria  to  the  Polypi,  because  the  cili 
at6d  larvas  of  these  resembled  the  monads,  and  from  the  Polypi  t 
the  Acalephse,  because  these  in  their  larval  state  were  polypes,  so  w 
have  now  the  same  indication,  from  a  transitory  step  in  development 
of  the  right  track  in  passing  from  the  Annulata  to  the  Epizoa ;  am 
the  succeeding  steps  will  lead  us  to  place  these  parasites  on  a  high6 
grade  of  articulate  structure  ;  and  not  with  the  Entoroa,  wher 
Cuvier  and  Lamarck  left  them. 

In  the  course  of  half  an  hour  the  young  Achtheres  undergoes  il 
second  stage :  the  first  integument  (e)  is  loosened  by  the  formation  c 
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a  second  beneath  it,  which  now  incloses  a  body,  altered  in  its  shape 
and  in  the  number  and  nature  of  its  appendages  {fig.  120.). 

The  process  of  moulting  lasts  from  eight  to  ten 
minutes.  A  great  proportion  of  the  original  germ- 
mass  remains  unaltered^  surrounding  the  simple  in- 
testine, and  extending  into  the  bases  of  the  tubular 
feet  of  the  larva.  The  n\9u»  formatitms  proceeds  to 
120  fflCafia  operate  on  this  material,  but  on  a  modified  plan.  The 
second  body,  which  is  formed  inside  the  husk  of  the 
first  now  cast  ofi^,  is  divided  into  an  anterior  and  a 
posterior  segment,  the  latter  consisting  of  four  joints. 
A  pair  of  four-articulate  setigerous  antenns  diverge 
from  the  anterior  part  of  the  body.  Between  the 
Achtheret :  second  antcnnsB  is  the  large  single  median  eye,  as  in  the  mo- 
'^^'  nocular  Entomostracous  Crustacea.  The  little  Epi- 
zoon  is  now  provided  with  five  pairs  of  feet ;  the  first  three  pairs  ter- 
minate by  a  simple  hook;  the  last  two  pairs  are  bifurcated,  one 
division  being  hooked  and  prehensile,  the  other  tubular  and  emitting 
tufts  of  bristles ;  these  natatory  feet  strike  the  water  together,  and 
propel  the  body  forward  with  a  jerk ;  they  are  aided  by  the  last  seg- 
ment, which  is  terminated  by  four  setigerous  tubercles. 

The  antennsB  probably  serve  to  indicate  to  the  young  parasite  its 
appropriate  object,  to  which  it  then  proceeds  to  attach  itself.  The 
first  pair  of  feet  is  approximated  towards  the  mouth,  and  forms  the 
uncinated  mandibles.  The  second  pair  of  feet  increases  in  size,  and 
the  terminal  hook  enlarges ;  they  serve  to  seize  and  hold  on  to  the 
surface  of  the  fish  selected.  The  feet  of  the  third  pair  lengthen 
and  unite  together  to  form  a  cartilaginous  circular  sucker,  and  per- 
manently anchor  the  parasite  to  its  prey. 

The  two  sexes  are  alike  in  their  young  and  locomotive  state:  the 
male  at  its  final  metamorphosis  retains  the  first  pur  of  feet  as  mandi- 
bles, very  similar  in  form  to  those  of  the  female  :  the  second  pair  is 
shorter  and  thicker :  the  legs  of  the  third  pair  always  remain  sepa- 
rate from  each  other,  and  consist  usually  each  of  two  large  joints, 
the  last  one  terminated  by  a  claw.  The  posterior  natatory  feet  dis- 
appear in  both  sexes ;  and,  with  the  loss  of  these  instruments  of  loco- 
motion, the  eyes,  also,  are  blinded  and  absorbed. 

Before  proceeding  to  the  Cirripedia^  I  would  offer  a  few  remarks 
on  the  nature  of  the  changes  just  described.  They  are  commonly 
spoken  of  under  the  same  name  as  that  given  to  the  changes 
of  insects,  and  perhaps  they  differ  only  in  degree.  The  metamor- 
phosis in  all  insects  is  attended  with  the  casting  off  of  a  certain 
proportion  of  the  precedent  individual,  called  the  **  moult,"  or  the 
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of  reCBmed  oeEs^  thsn  itpofi  a  diaage  of 
nok  H  tha  deirelofiaeal  of  flue  ovum  in  tbe 
of  iha  hm  cfualauaowa  external  pamite  of  a 
MihedD^tiBced^tlMi  pei^benl  ceik  of  ^a  g^nDHoaw  are  aeeo 
to  eooi&iae  aol  coaleiice  to  fora  t^  smooUi  tganepawgat  ddn  of  the 
vabryo  Lenuca*  trom  whaek  ako  tobolar  processes  extend  in  two 
(widMeret}oriliree  {Lmuaoctra)  pmr^  iadodiag  sete  wbieh  pro- 
jeet  from  tlwir  eztremitieaL 

la  tbe  Lermtgacrra  the  ajiterior  pair  is  directed  forward  like  aii'* 
leaai^  bal  tltey  ate  atyoiitted  ;  and  the  bead  is  fortlier  indicated  bj 
m  aehttrad  eycapask*  Aaotber  Ujer  of  genn-cella  ba^e  perished, 
as  sodii  hi  orier  to  farm  Aa  patialea  of  a  straight  and  simple 
,  with  a  moath  aaii  aoiBL    Thoa  the  aaellidotts  tjpe  is  first. 


Bas  a  hoga  pcoponkMH  of  the  asisate  germ-ceQs  remain  in  the  wida^ 
aMoaaiaal  iatonpaci^  amassed  around  tbe  alimentary  tube,  and  ag* 
gifgalid  in  groi^  at  the  base  of  the  tubular  and  setigerous  feet.! 
Wttih  faspeet  to  the  latter,  wo  might  say  that  the  same  provision  is 
asade  lor  tha  tepcadaetlon  of  the  limbs  as  is  retained  throughout  lifd] 
ha  n^aid  to  those  af  the  lobster.     In  the  larval  Lemfua,  however,} 
tlioee  raaiir¥a«ealh  eoaunettce  the  formation  of  new  limbs  irrespective  i 
of  any  iiyitfy  to  the  old  ones.     The  whole  peripheral  stratum  of  the 
relauied  gefanamss^  tn  contact  with  the  primary  integument,  is  trans - 
funaed  into  a  aaia  intc^f  ument.      These  germ-eelb  have  increased] 
•ad  prop^aled  at  the  expeaae  of  the  aliment  assimilated  by  the] 
iKasesitory  oaimI.     The  fonDatioo  of  the  new  integument  and  of  the  | 
now  f»et  prooeeds  connecteilly  and  contemporaneously ;  but  tlie  new  I 
parts  are  Dot  aioaliltd  apon  the  imier  surface  of  the  old  ones*     The 
plastic  force  has  ohaniped  its  coarse  of  operation*    A  hinder  segment . 
tif  the  btMly  iji  added  to  the  front  one,  which  answers  to  the  whole  of  J 
ih  first  larva.      If  antcnnoe  did  not  before  eatist,  a  joinedl 

ji^M  V  i^optnl.     Instead  of  two  pairs  of  tubular  setigeroua' 

tluitm*  throe  |UfcifS  of  uucinalt*d  prehensile  limbs  are  developed  from 


(1^ 


Coracle  segment,  and  as  many  pairs  of  arti- 


in,  tr\)m  the  abduminal  segment.     New  muscles, 

IliW  tl«»r«os»  nmi  new  rassali  are  formed  for  the  support  and  exercisaJ 
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of  these  various  mstruments.  The  outer  case,  and  all  that  gave  form 
and  character  to  the  precedent  individual,  perish  and  are  cast  off; 
they  are  not  changed  into  the  corresponding  parts  of  the  new  indi- 
vidual. These  are  due  to  a  new  and  distinct  developmental^process ; 
rendered  possible  through  the  retention  of  a  certain  proportion  of  the 
unchanged  germ-cells.  The  process  is  essentially  the  same  as  that 
which  developes  the  cercariform  larva  of  the  Distoma  within  the 
gregariniform  one,  or  the  external  bud  from  the  Hydra,  or  the  in- 
ternal bud  from  the  Aphis.  It  is  a  slightly  modified  parthenogenesis ; 
and  the  phases  by  which  the  locomotive  anellidous  larva  of  the  Lemsea 
passes  through  the  entomostracous  stage  before  retrograding  to  the 
final  condition  of  the  oviparous,  limbless,  bloated,  and  rooted  parasite, 
are  much  more  those  of  a  metagenesis  than  a  metamorphosis. 

I  now  proceed  to  the  second  class  of  Articulated  animals  which  are 
associated  in  the  present  Lecture  with  the  Epizoa. 

Many  of  the  Cirrtpedia*  are  parasitic  animals,  like  the  Epizoa^  but 

are  dependent  upon  the  organised  bodies  to  which  they  are  attached 

for  their  place  of  residence,  not  for  their  food ;  those  Cirripeds  which 

do  not  infest  other  animals  are  attached  to  sea-weed,  floating  timber, 

121  or  rocks.    The  Cirripeds  are 

symmetrical  animals,  with  a 

soft,  obscurely  articulated  body 

enveloped  in  a  membrane  (Jiff. 

121,  c  c) ;  they  are  provided 

with  six  pairs  of  thoracic  feet 

(ib.   A),    divided    into    three 

joints,  and  terminated  each  by 

Lepa.  .natlfera,  ^    ^^    ^^    j^^^    ^^    slcnder, 

many-jointed,  ciliated  tentacles,  curled  towards  the  mouth,  whence 
the  name  of  the  class.  They  are  androgynous,  and  in  some  species 
there  are  also  small  males  parasitic  on  the  bisexual  individuals.t 
The  mouth  (ib.  a)  is  prominent,  and,  in  most  species,  provided 
with  a  broad  upper  lip,  with  two  palps  or  feelers  (ib.  6),  and  three 
pairs  of  dentated  and  ciliated  jaws.  The  opposite  extremity  of 
the  body  is  prolonged  into  a  slender,  many-jointed,  ciliated  caudal 
appendage  (^g.  123,  g),  which  is  traversed  by  the  generative 
canal.  The  mouth  is  situated  near  the  anterior  ex;tremity  of  the 
body,  which  is  modified  to  form  the  organ  of  attachment  of  the 
animal.  It  is  sometimes  produced  to  a  considerable  extent,  and  is  of 
contracted  diameter,  forming  a  long  and  flexible  peduncle ;  sometimes 

*  Lat  cirrus,  a  curl  pes,  »  foot.  f  CCXXIIL  pp.  189.  248. 
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it  expands  at  once  into  a  broad  disc  or  basis  of  adhesion ;  in  botli^ 
cafteB  tlie  immediate  attaching  substance  is  a  peculiar  cement  pro- 
ceeding from  a  modified  portion  of  tbe  ovaria.*  Tlie  typical  Cirripeda 
are  divided  according  to  thece  modes  of  attachment  into  two  primary 
groups,  viz.,  the  pedunculated,  or  Lrpadoids^  and  the  sessile,  or  Baiw 
noids*  The  first  are  commonly  known  by  the  name  of  Barnacles ;  the 
second  by  that  of  Crown-shells  or  Acorn-shells.  Such  nre  the 
characters  of  the  typical  members  of  the  class.  The  aberrant  bur- 
rowing genus  AicippCj  and  the  naked,  ventless  Prateolepag,  para* 
sitic  on  other  Cirri peds,  form,  according  to  Darwin,  types  of  two 
orders,  equivalent  respectively  to  that  including  all  the  ordinary 
Cirri  peds. 

Most  of  these  Cirri  peds  have  their  visceral  cavity  protected  by  j 
calcareous  shell  composed  of  many  pieces  ;  but  in  some,  as^e.g*  Alepa 
Ihtoy  the  membranous  investment  of  the  viscera  is  enveloped  bj 
a  smooth  elastic  sheath,  continued  from  the  outer  chitinous  covering 
of  the  peduncle.  In  OHon  two  small  calcareous  bodies  (sctUa\  de- 
veloped in  the  substance  of  the  outer  envelope*  just  above  the  brachial 
fissure,  are  usually  the  sole  rudiments  of  a  shell,  and  the  chitinous 
covering  is  produced  at  its  free  extremity  into  two  cylindrical  plicated 
ear-like  appendages.  In  the  earless  Otions  {Cineras),  the  external^ 
tunic  is  strengthened  by  five  calcareous  bars*  two  at  the  fissure  {sctiiay 
^'^'^  giving  outlet  to  the  arms,  two  along  the  terminal 

margin  of  the  tunic  {terga)^  and  one  along  the 
dorsal  aspect  {carina)*    In  the  common  Barnaclol 
{Lepns  anatifera)y  the  calcareous  matter  extends! 
from  five  liomologous  centres,  so  as  to  protect  the  j 
whole  of  the  visceral  or  thoracic-abdominal  ca« 
vity  or  body.      In  fg,  122,  c  is  the  **  scutum,** 
the  **  tergum  **  and  e  the  **  carina ;"  the  first  two 
are  in  pairs,  the  last  is  single,  and  was  compared 
by  Cuvier  to  the  symmetrical  dorsal  valve  of 
the  Pholcts ;  but  the  relation  is  one  of  analogy 
only. 

All  the  valves,  however,  are  strongly  marke 
with  lines  of  growth,  formed  by  successive  ad* 
Lepw  anatifera.        ditious   to    their    margins,    as  in   the    shells 
Mollusca.     In  the  genera  Pollicipes  and  Scalpellum,  there  are  othe 
smaller  calcareous  plates  arranged  round  the  junction  of  the  bodj 
with  the  peduncle.     In  Jig,  122,  a  and  £»  are  the  peduncle,  which  is  i 
development  of  the  head  including  the  aborted  eyes  and  antennae  i 

♦  CCXXIIL  p.  33. 
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the  larva ;  g  is  the  caudal  end  of  the  body ;  /  the  ventral  surface, 
with  the  aperture  of  the  shell  from  which  the  cirrigerous  feet  pro- 
trude :  e  is  the  dorsal  surface.  The  relative  position  of  the  retracted 
soft  parts  to  the  multivalve  shell  is  shown  in  fig.  121. 

All  the  sessile  Cirripeds  are  strongly  defended  by  a  multivalve 
conical  shell,  closed  by  a  four-yalved  operculum  (Jig.  113).  The  base 
of  the  shell  is  usually  formed  by  a  calcareous  plate,  and  the  walls  are 
apparently  divided  into  twelve  conical  compartments,  six  of  which 
{a  a),  called  "areaB  prominentes"  and  "parietes,"  rise  from  the  margin 
of  the  base^  and  terminate  in  a  point  at  the  free  margin  of  the  shell  $ 
whilst  the  other  six  (bb\  in  the  form  of  inverted  cones,  called  ''are« 
depressse*'  and  '*  radii,''  occupy  the  interspaces  of  the  preceding  series. 
This  calcareous  citadel  is  divided  into  from  four  to  eight  pieces  by 
fine  sutures.  The  piece  at  the  part  of  the  shell  nearest  which  the 
cirri  (c)  are  protruded  is  called  the  "  carina ; "  the  opposite  piece  is 
the  "  rostrum."  The  symmetry  or  bilaterality  of  the  shell  is  deter- 
mined by  these  pieces,  which  have  two  lateral  appendages,  called 
«  alse.*'  Three  pieces  are,  in  OclomertSy  interposed,  on  each  side,  be- 
tween the  carina  and  rostrum.  They  are  called  '' carino-lateral,'' 
'^lateral,"  and  *' rostro-lateral.''  The  two  first  have  a  radius  on  the 
carinal  side,  and  an  ala  on  the  rostral  side ;  the  third  piece  has  a 
radius  on  each  side.  Our  common  Acorn-shells  {BalanuSy  fig.  113) 
have  two  pifeces  on  each  side,  the  "  carino-lateral "  and  "rostro- 
lateral."  Each  piece  consists  of  an  outer  and  inner  plate,  imited 
by  longitudinal  plates.  The  whole  shell  has  a  cellular  and  or- 
ganised texture,  and  its  gradual  expansion  is  provided  for  by  the 
successive  growth  and  calcification  of  processes  of  the  mantle  which 
penetrate  the  uniting  sutures.  The  cone  is  lengthened  and  widened 
below  by  successive  additions  to  its  base,  and  is  widened  superiorly 
by  the  gradual  increase  in  breadth  of  the  wedge-shaped  pieces  of  the 
second  or  inverted  series.  In  the  Tulnctnella  *,  a  parasitic  balanid 
of  the  whale,  the  compound  shell  is  a  long  subcyUndncal  tube,  re- 
minding us  of  that  of  an  amphitrite ;  but  the  animal,  in  both  sessile 
and  pedunculate  Cirripeds,  is  fixed  to  the  bottom  of  the  shell  with 
the  head  downwards,  and  the  head  is,  therefore,  superior  in  the  ordi- 
nary pendent  position  of  the  barnacles  {LepaSyfig.  121). 

The  external  integument  consists  of  chitinef ,  which  also  forms  the 
animal  basis  of  the  shell :(  >  ^^^  calcareous  part  of  the  latter  consists 
of  99*3  of  carbonate  of  lime,  with  0*7  of  phosphate  of  lime  §.  The 
chitine  is  lined  by  a  soft  vascular  corium,  the  formative  organ  of  both 

•  Prep.  No.  279.  t  IX. 
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the  calcified  and  un calcified  chitinep  In  tlie  growth  of  the  bodj  the 
membnme  between  the  vulvea  splits  periodically,  and  a  new  strip  of 
tnembranc  ia  formed  beneath,  connected  on  each  side  with  a  fresh  | 
hiyer  of  shell,  the  old  strips  disintegrating  and  disappearing*,  but  the 
valves  are  not  ehed.  The  integument  of  the  peduncle  consists,  in 
Lepeu,  of  corium,  covered  by  smooth  layers  of  chitlne  (^/%r,  121,  k)i 
but  in  Scalpelium  and  Pollicipes  its  outer  surface  is  roughened  by 
small  calcified  scales.  If  the  peduncle  be  very  carefnUy  removed 
from  the  surface  of  attachment,  the  larval  antennaB  can  always  be 
found  quite  close  to  the  end,  but  not  at  the  actual  apex.f 

The  movements  of  the  peduncle  in  such  species  are  effected  by  a 
strong  muscular  tunic,  consisting  of  three  layers  of  non-striated  fibres* 
longitudinal,  transverse,  and  oblique  (ib.  b).  In  Oturn  they  extend 
half-way  down  the  sheath  of  the  body  | ;  and  in  Alepas  they  line  the 
whole  of  the  body-slieath.  The  action  of  these  muscles  is  antagonised 
by  the  elasticity  of  the  chilinous  tunic.  The  common  Barnacle 
approximates  its  scuta  by  u  strong  transversal  adductor  muscle;  its 
body  or  visceral  mass  is  moved  towards  the  aperture  of  the  shelly 
which  is  thereby  at  the  same  time  widened,  by  longitudinal  muscular  | 
fibres,  and  is  retracted  by  shorter  fibres  attached  to  its  base.  In 
X^ithotrya  there  are  two  fan-like  transverse  muscles  extending  from 
the  basal  points  of  the  terga  to  a  central  line  on  the  under  side  of  j 
the  carina.  §  The  cirngorous  arms  in  all  the  Cirripeds  have  powerful 
muscles  for  their  actions,  which  are  of  the  utmost  importance  to  the 
animal,  inasmuch  as  the  food  is  obtained  by  the  currents  which  they 
123  produce,  and  almost  incessantly  maintain,  in 

the  surrounding  water.  The  sessile  Barna- 
cles are  provided  with  a  series  of  muscles 
attached  to  the  margin  of  the  conical  shell, 
which  act  on  the  opercular  calcareous  pieces, 
and  close  the  opening  of  the  shell. 

The  nervous  system  (^fig»  123),  first  de- 
scribed and  figured   by  Cuvier  in  tlie  LepuMA 
unatifcra^  presents  the  homogangliate  type* 
The   oesophagus  is  surrounded   by  a  wide 
oral  ring,  closed  above  by  a  pair  of  super- 
oesoplmgeal  ganglions,  which  send  off  nerves] 
to   the  peduncle,    the   ovaria,   and    to   the 
aborted  and  coufltient   eyes.      Mr.  Darwin , 
has  detected  a  small   ganglion  on  each  op-| 
tic    nerve    in     the     Lepas    fasciculurit.'^ 
X  Prep,  No«.  62,  6S,  69. 
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The  ring  is  completed  below  bj  the  large  suboesophageal  ganglion, 
which  gives  off  the  nerves  to  the  trophi,  the  first  pair  of  drri- 
gerous  feety  and  the  a^acent  muscles.  The  second  thoracic  gan- 
glion supplies  the  second  pair  of  feet ;  the  third  ganglion  supplies  the 
third  pair  of  feet ;  the  fourth  and  fifth  pairs  of  ganglions  are  iqpprozi- 
mated  to  each  other ;  and  the  tubular  extensile  tail  or  penis  receives 
the  two  last  pairs  of  nerves.  Two  branches  firom  the  oesophageal 
ring  pass  to  a  small  ganglion  on  either  side  of  the  stomach,  from 
which  the  alimentary  canal  is  supplied.  The  nervous  system  is  that 
part  of  the  organisation  of  the  mature  animal  which  most  unequivo- 
cally indicates  the  province  of  the  Animal  Kingdom  to  which  the 
class  Cirripedia  belongs ;  and  it  indicates  their  superiority  to  the 
Anellids,  and  their  closer  affinity  to  the  crustaceous  tjrpe  by  the 
large  size  of  the  confluent  ganglions  on  the  abdominal  chords.  In 
the  degree  of  approximation  of  the  two  chords  to  each  other,  the 
Lepades  most  resemble  the  lower  isopodous  Crustacea,  for  ezamplci 
the  Talitrus.  The  neurilemma  is  stained  by  a  dark  brown  pigment 
in  the  Lepas  fasdcularis.  In  Pollicipes  MUettOy  the  fourth  and 
fiflh  thoracic  ganglia  are  confluent.  In  the  Balanus  Hntinnabulum 
and  Coronuia  diadema  all  the  nerves,  save  those  connected  with 
the  brain,  radiate  from  a  single  great  subcssophageal  ganglion.* 

The  acoustic  organs  are  situated  just  beneath  the  basal  articulation 
of  the  first  pair  of  cirri.  Each  consists  of  a  sac-like  cavity,  which 
incloses  the  true  acoustic  vesicle.  The  orifice  of  the  vesicle  is 
closed  by  a  delicate  lid,  formed  by  the  expansion  of  a  large  nerve, 
which  here  abruptly  terminates.!  Mr.  Darwin,  to  whom  we  owe 
the  knowledge  of  this  structure,  has  not  found  any  otolites  in  the 
acoustic  vesicle,  but  only  groups  of  yellowish  nucleated  cells  in 
the  pulpy  fluid.  The  same  exceUent  observer  is  of  opinion  that 
the  pouches  situated  in  the  confluent  segments  beneath  the  free 
part  of  the  outer  maxillae  are  "olfactory;**  their  orifices  are 
produced  or  tubular  in  many  Barnacles,  but  not  in  the  sessile 
Cirripeds. 

Although  the  eyes  of  the  Cirripeds  are  more  or  less  aborted  in 
their  mature  state,  they  retain  sufficient  susceptibility  of  light  to 
excite,  in  the  pedunculated  species,  when  a  shadow  passes  over 
them,  retraction  of  the  cirri,  and,  in  the  sessile  species,  a  sudden 
shutting  of  their  opercules ;  the  same  act  is  caused  by  the  sound  or 
vibration  of  an  approaching  footstep ;  it  indicates  that  they  appre- 
ciate the  atmospheric  movements  produced  by  the  approximation  of 
the  hand,  even,  according  to  Dr.  Coldstream,  when  it  is  not  brought 
nearer  the  shells  than  twelve  or  fourteen  inches.:^ 

*  CCXXIV.  p.  88.  t  lb-  P-  95.  t  CCXVI.  p.  688. 
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Tlie  marine  anlmalculea  brought  to  the  mouth  (^ff.  124.  a),  by  iha^ 
currents  of  the  cirrigerous  feet  (i),  and  seized  by  the  lateral  jawa,  \ 


124 


ms^ 


oonTeyed  by  a  short  cBsophagus^  having  a  bell-shaped  expansion  of  the 
lining  membrane,  to  a  dilated  stomach  (r),  which  is  of  unusual  length  j 
in  Tithicinrlla,  From  six  to  eight  cneca  are  developed  from  the  upper^ 
part  oftUt)  stomach,  in  several  species  of  JJalanu^^  and  are  branched 
in  J^a/.  perforatm.  They  are  not  developed  in  Tubicmella.  Tbo 
intcAtiQis  {tl)  lit  bent  upon  the  stomach,  and  tapers  with  a  slightly 
sinuous  course  to  terminate  at  {t¥\  the  base  of  the  ciiudal  appendiige  (e). 
Tho  intestinal  canal  is  lined  by  a  cliitinous  epithelial  tube,  which  is 
continued  above  into  the  caeca.  Darwin  has  observed  it  to  be  ex- 
pelled entire,  with  the  excrement,  in  a  living  Bala?ius ;  it  has  been 
deemed  analogous  to  the  typhlosole  in  the  earth-worm's  intestine.^ 

The  stomach  is  coated  by  small,  opaque,  pulpy,  branched  glands, 
probably  subserving  a  hepatic  function :  these  are  arranged  in  longi- 
tudinal lines  in  most  Barnacles, 

Poll  states  that  he  saw  a  heart  pulsating  a  little  above  the  anus, 
and  Dr.  Coldstream,  who  quotes  the  remark,  says  that  there  is  a 
''central  canal  situated  on  tlie  dorsal  aspect  of  the  body;"f  but  the 
exact  condition  of  the  circulating  system  of  the  Cirripeds  has  yet  to 
be  determined,  and  by  the  examination  of  living  specimens*  Much 
of  it  —  probably  all  the  venous  part  —  appears  to  be  in  the  condition  J 
of  diffused  channels  or  sinuses,  defmed  only  by  the  extremely  delicate' 
tunica  propria  of  the  veins.  There  is  one  main  channel  along  the 
ventral  surface  of  the  thorax,  dividing  and  surrounding  the  month, 
and  giving  out  branches  which  enter  the  inner  of  the  two  channels 
in  each  thoracic  leg ;  there  are  also  two  canals  in  the  penis.     "  There 

•  CCXV.  p.  26.  t  CCXVt  p.  689. 
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are  two  dorso-lateral  channels  in  the  prosoroa,  which  are  in  direct 
connection  with  the  great  main  channel,  running  down  the  ventral 
side  of  the  peduncle.  This  latter  main  channel  branches  out  in  the 
lower  part,  and  transmits  the  blood  through  the  ovarian  tubes,  whence, 
I  believe,  it  flows  upwards  and  round  the  sac,  re-entering  the  body 
near  the  sides  of  the  adductor  scutorum  muscle.  The  main  ventral 
channel,  in  the  uppermost  part  of  the  peduncle,  has  a  depending 
curtain,  which,  I  think,  must  act  as  a  valve,  so  as  to  prevent  the 
circulating  fluid  regurgitating  into  the  animal's  body  during  the 
contractions  of  the  peduncle.**  • 

In  the  pedunculated  Cirripeds  slender  appendages,  which  from 
their  position  and  connections  are  homologous  with  the  branchisB  of 
the  higher  Crustacea,  are  attached  to,  or  near  to,  the  bases  of  a 
greater  or  less  number  of  the  thoracic  feet,  and  extend  in  an  opposite 
direction,  outside  the  visceral  sac  In  the  common  Barnacle  (Lepas 
anatifera)  there  are  two  pairs  of  such  branchis;  the  first  {d^fy*  121), 
is  attached  to  the  side  of  the  proeoma,  anterior  to  the  first  drrigerous 
foot,  and  seems  to  answer  to  the  gill  developed  from  the  last 
maxillary  foot  in  the  lobster ;  the  second  appendage  (<Q  springs  from 
the  dorsal  surface  of  the  swelling  (g)  at  the  basal  joint  of  the  first 
thoracic  foot.  In  the  Lepas  fascicularis  I  find  one  gill  attached  to 
the  prosoma,  and  three  others  radiating  from  the  base  of  the  first 
thoracic  leg.f  In  the  Otion  there  are  two  gills  from  the  side  of  the 
prosoma,  and  five  from  the  bases  of  the  first  five  thoracic  legs ;  seven 
pairs  in  all,  most  of  which  are  unusually  kng  and  tapering.  With 
respect  to  the  function  of  these  i^pendages,  I  concur  with  Mr.  Darwin 
in  deeming  them  of  very  secondary  importance  in  respiration,  having, 
like  him,  always  found  them  occupied  by  lobes  of  the  testis.  The 
extensive  vascular  surfaces  of  the  corium  and  of  the  body-sac,  ex- 
posed to  the  sea-water,  with  the  active  cirri  themselves,  most  probably 
suffice  for  the  aeration  of  the  blood ;  and  the  additional  expansion  of 
surface,  afibrded  by  the  plicated  tubular  appendages  to  the  body  of 
the  Otioriy  concurs  to  effect  the  same  end.  The  homologues  of  the 
branchial  appendages  of  the  Barnacles  are  not  present  in  the  Balanids ; 
the  respiratory  function  is  here  especially  aided  by  the  production  of 
plicated  folds  of  the  body-sac,  which  are  very  numerous  and  complex 
in  the  Coronula  diadema.\ 

The  Cirripedia  are  hermaphrodite :  there  are  no  known  exceptions 
to  this  rule  in  the  sessile  order :  in  the  pedunculated  one  a  few  ex- 
ceptions have  been  discovered  by  Darwin,  e«  g.  Ibla  Cummingii 
and  ScalpeUum  omatumy  in  which  the  large  attached  individuals 
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detelope  OTa  cnl/,  the  spermatozoa  bein^  formed  in  distinct  and 
much  amaller  parasitic  males.  The  same  excellent  observer  has  detected 
similar  parasitic  individual^  mouthlesa  and  stomachleasi  containing 
nbuiulnnt  etpermatoxoa,  attached  to  the  hirger  individuals,  poaseaaing 
both  male  and  female  organs,  of  Ihia  qundrivalviSf  Scalpeflum 
rulgarCf  Se.  nttilum^  Sc,  rosiratum^  Sc,  PertmU^  and  Se,  villosHm^ 
such  supplemental  males  baving  specific  characters  as  distinct  aa 
those  of  the  hermaphrodite  individuals  to  which  the7  are  attached, 
and  in  which  the  vesiculse  seminalcs  are  unusually  smalL 

The  ordinary  hermaphrodite  combination  of  generatiTe  organs 
prevaili  so  far  as  is  hitherto  known  in  all  the  species  of  Lepas^  Pmei- 
ia^mttt  OxynaspU^  Anelatfna^  Pollicipes^  Lithoiryd^  Oiimi^  aod  Cinertu, 
The  male  organs  consist  of  two  testes,  two  sperm-bladdera  with  their 
ii|)rmi-duct!H  and  tlio  jtcnis.  The  testes  consist  of  minute  compreaaeii 
«M>iuinifen»us  lobes,  forming  usually  a  leaden-coloured  pyriform  digi- 
tate or  dendritic  mass ;  they  coat  the  stomach,  enter  the  pedicels  and 
bawd  joint*  of  the  cirri,  in  some  genera  occupy  certain  swellings  on 
the  thorax  and  prosoma,  and  in  others  penetrate  the  filamentary 
apptmdagi^  Tltey  are  confined  to  the  thorax  and  prosoma  in  the 
sessiliJ  Cirripi'ds.  The  sperm -bladders  are,  in  most  species,  very 
targtf :  in  ihi;  Lepadoids  tht^y  lie  along,  and^  save  in  some  species  of 
ScalftrUum,  penetrate  the  prosoma,  where  their  broad  ends  are  often 
rt^exed :  here  the  brtinched  ducts  from  the  testes  enter.  The  coats 
of  the  bladder  are  formed  of  circular  tibreSt  which  Darwin  concludes 
are  muscular,  having  seen  the  spermatoaoa  expelled  with  force  from 
the  cut  end  of  a  living  s{>ecimeo.  The  spenn^blmdders,  as  they  extend 
b«ckward%  gradually  contract  to  canab  which  unite  in  a  single 
#perm-duct  at  the  base  of  the  penis,  or,  in  OtioHy  half-way  along  it 
In  the  bell-barnacles  {Balanus)  the  sperm-reservoirs  are  very  long 
and  tortuous:  they  lie  within  the  thorax  and  prosoma,  and  unite  at 
the  base  of  the  proboscidiform  j>enis.  This  organ  is  of  great  length, 
except  in  certain  species  of  ScafpeUam^  and  can  move  freely  in  all 
directions;  it  is  supported  on  a  straight  unarticulated  base,  short  in 
most,  but  in  Jbla  r/uadrivfilns  of  great  length  •:  the  rest  of  the 
extent  is  more  or  less  distinctly  articulated  ;  short  hairs  project  from 
the  intervals  of  the  rings,  and  more  abundantly  from  the  end  of  the 
penis. 

In  the  Balanoids  the  ovaria  consist  of  glandular  bodies,  of  nn- 
branclied  or  main  tubes,  and  of  branching  tubes  and  ca-ca.  The 
ovarian  glands  are  situated  near  the  basal  edge  of  the  labrum:  tlxe 
branched  tubes  lie  between  the  calcareous  or  membranous  basis  and 
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the  inner  basal  lining  of  the  sac  extending  a  certain  way  upwards 
around  the  sac.  There  are  no  true  oviducts.  In  the  Lepadoids  the 
ovaria  have  a  more  complex  form  and  extended  place  :  they  consist, 
on  each  side,  of  a  thoracic  and  peduncular  portion  connected  by  a  long 
unbranched  canal.  The  thoracic  ovaria  {Jig.  124,o),  mistaken  by  Cuvier 
for  salivary  glands,  correspond  in  position  with  the  entire  ovaria  in  the 
Balanoids :  they  are  of  an  orange  colour,  and  present  the  form  of  two 
parallel,  gut-shaped  masses,  having,  in  OHony  a  great  flexure,  and 
generally  dividing  at  the  end  near  the  mouth  into  a  few  blunt 
branches.  Mr.  Darwin,  who  has  given  the  best  account  of  the  female 
organs  in  the  pedunculated  Cirripeds,  writes,  "  The  state  of  these  two 
masses  varied  much ;  sometimes  they  were  hollow,  with  only  their 
walls  spotted  with  a  few  cellular  little  masses ;  at  other  times  they 
contained,  or  rather  were  formed  of,  more  or  less  globular  or  finger- 
shaped  aggregations  of  pulpy  matter ;  and,  lastly,  the  whole  consisted 
of  separate  pointed  little  balls,  each  with  a  large  inner  cell,  and  this 
again  with  two  or  three  included  granules.  These  so  closely  re- 
sembled, in  general  appearance  and  size,  the  ovigerms  with  their 
germinal  vesicles  and  spots  which  I  have  often  seen  at  the  first  com- 
mencement of  the  formation  of  the  ova  in  the  ovarian  tubes  in  the 
peduncle,  that  I  cannot  doubt  that  such  is  their  nature.''*  The 
connecting  canals  diverge  at  the  bases  of  the  first  pair  of  limbs,  bend 
along  each  flank  of  the  prosoma,  under  the  superficial  muscles,  and 
converge  to  penetrate  the  peduncle,  along  the  ventral  side  of  which 
they  run  close  together,  and,  when  half-way  towards  the  end,  begin 
to  branch  out  in  all  directions ;  the  ova  being  developed  within  the 
stems  of  the  branches  as  well  as  at  their  ends.  "  A  minute  point 
first  branches  out  from  one  of  the  tubes,  its  head  enlarges  like  the 
bud  of  a  tulip  on  a  footstalk ;  becomes  globular,  shows  traces  of 
dividing,  and  at  last  splits  into  three,  four,  or  five  egg-shaped  balls, 
which  finally  separate  as  perfect  ova***!'  {fig.  121,  t). 

According  to  the  same  author,  the  ova,  immediately  before  one  of 
the  periods  of  exuviation,  burst  forth  from  the  ovarian  tubes  in  the 
peduncle,  and  round  the  sack  of  the  animal,  and,  moving  <*  along  the 
open  circulatory  channels,  are  collected  (by  means  unknown  to  me) 
beneath  the  chitine  tunic  of  the  sack,  in  the  corium,  which  is  at  this 
period  remarkably  spongy  and  full  of  cavities.*'  The  corium  forms  or 
"resolves  itself  into  the  very  delicate  membrane  separately  enveloping 
each  ovum,  and  uniting  them  together  into  two  lamellaB :  the  corium 
having  thus  far  retreated,  then  forms,  under  the  lamellae,  the  chitine 
tunic  of  the  sac,  which  will  of  course  be  of  larger  size  than  the  last- 
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new  animal  may  be  said  to  creep  out  of  the  old,  from  which  the  pr 
cess  is  called  the  '*ecdysis*"  With  regard  to  the  so-called  metamoH 
phosis  which  issues  in  the  succession  of  a  fixed,  blind,  sessile,  multi 
valve  barnacle  to  a  free-swimming  crustacean  with  pedunculated  eye^ 
or  in  the  succession  of  a  rooted  vermiform  parasite  to  a  natator 
animal  with  articulated  setigerous  limbs, — when  these  phenomen 
are  closely  traced,  they  are  seen  to  depend  in  a  greater  degree  upoij 
the  action  and  coalescence  of  retained  cells,  than  upon  a  cliange  < 
form  of  pre-existing  tissues.  If  the  development  of  the  ovum  in  tb 
pedunculate  ovarian  sac  of  the  low  crustaceous  external  parasite  of  i 
fish  be  closely  traced,  the  peripheral  cells  of  the  germ-mass  are  seen 
to  combine  and  coalesce  to  form  the  smooth  transparent  skin  of  the 
embryo  Lerniea,  from  which  also  tubular  processes  extend  in 
{Achtherejji)  or  three  (Lem<eocera)  pairs,  including  setae  which  pr 
ject  from  their  extremities. 

In  the  LerufEacera  the  anterior  pair  is  directed  forward  like  an*] 
tennse*  but  they  are  unjointed  ;  and  the  head  is  further  indicated  b| 
a  coloured  eye-speck.     Another  layer  of  germ-cells  have  perished 
as  sucli,    in    order  to   form  the  parietes  of  a   straight   and  simple 
intestine,  with  a  mouth  and  anus.     Thus  the  anellidous  type  is  6rs 
manifested. 

But  a  large  proportion  of  the  minute  gerra-cells  remain  in  the  wid 
abdominal  interspace,  amassed  around  the  alimentary  tube^  and  agl 
gregated  in  groups  at  the  baae  of  the  tubular  and  setigerous  feefj 
With  respect  to  the  latter,  we  might  say  that  the  same  provision  ifl 
made  for  the  reproduction  of  the  limbs  as  is  retained  throughout  life 
in  regard  to  those  of  the  lobster*  To  the  larval  Lema?a^  howeverj^ 
those  reserve-cells  commence  the  formation  of  new  limbs  irrespective 
of  any  injury  to  the  old  ones.  The  whole  peripheral  stratum  of  the 
retained  germ-mass^  in  contact  with  the  primary  integument,  is  trans 
formed  into  a  new  integument.  These  germ-cells  have  increased 
and  propagated  at  the  expense  of  the  aliment  assimilated  by  thd 
alimentary  canal.  The  formation  of  the  new  integument  and  of  th< 
new  feet  proceeds  connectedly  and  contemporaneously;  but  the  nev 
parts  are  not  moulded  upon  the  inner  surface  of  the  old  ones.  The 
plastic  force  has  changed  its  course  of  operation*  A  hinder  segment 
of  the  body  is  added  to  the  front  one,  which  answers  to  the  whole  < 
the  body  of  the  first  larva.  If  antenna?  did  not  before  exist,  a  joine 
pair  is  now  developed.  Instead  of  two  pairs  of  tubular  setigerou 
limbs,  three  pairs  of  uncinated  prehensile  limbs  are  developed  firon 
the  anterior  or  cephalothoracic  segment,  and  as  many  pairs  of  or 
culated  setigerous  limbs  from  the  abdominal  segment.  New  musclefl 
new  nerves,  and  new  vessels  are  formed  for  the  support  and  exercis 
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of  these  various  wstruments.  The  outer  case,  and  all  that  gave  form 
and  character  to  the  precedent  individual,  perish  and  are  cast  off; 
they  are  not  changed  into  the  corresponding  parts  of  the  new  indi- 
vidual. These  are  due  to  a  new  and  distinct  developmental^process ; 
rendered  possible  through  the  retention  of  a  certain  proportion  of  the 
unchanged  germ-cells.  The  process  is  essentially  the  same  as  that 
which  developes  the  cercariform  larva  of  the  Distoma  within  the 
gregariniform  one,  or  the  external  bud  from  the  Hydra,  or  the  in- 
ternal bud  from  the  Aphis.  It  is  a  slightly  modified  parthenogenesis ; 
and  the  phases  by  which  the  locomotive  anellidous  larva  of  the  Lerna^ 
passes  through  the  entomostracous  stage  before  retrograding  to  the 
final  condition  of  the  oviparous,  limbless,  bloated,  and  rooted  parasite, 
are  much  more  those  of  a  metagenesis  than  a  metamorphosis. 

I  now  proceed  to  the  second  class  of  Articulated  animals  which  are 
associated  in  the  present  Lecture  with  the  Epizoa. 

Many  of  the  Cirripedia^  are  parasitic  animals,  like  the  Epizoa,  but 

are  dependent  upon  the  organised  bodies  to  which  they  are  attached 

for  their  place  of  residence,  not  for  their  food ;  those  Cirripeds  which 

do  not  infest  other  animals  are  attached  to  sea-weed,  floating  timber, 

121  or  rocks.     The  Cirripeds  are 

symmetrical  animals,   with  a 

soft,  obscurely  articulated  body 

enveloped  in  a  membrane  (Jig» 

121,  c  c)\  they  are  provided 

with  six  pairs  of  thoracic  feet 

(ib.    A),    divided    into    three 

*  ■*     *  joints,  and  terminated  each  by 

Lep«anatlfera.  ^    ^^^^    ^^    j^^^    ^^    slcnder, 

many-jointed,  ciliated  tentacles,  curled  towards  the  mouth,  whence 
the  name  of  the  class.  They  are  androgynous,  and  in  some  species 
there  are  also  small  males  parasitic  on  the  bisexual  individuals.f 
The  mouth  (ib.  a)  is  prominent,  and,  in  most  species,  provided 
with  a  broad  upper  lip,  with  two  palps  or  feelers  (ib.  ft),  and  three 
pairs  of  dentated  and  ciliated  jaws.  The  opposite  extremity  of 
the  body  is  prolonged  into  a  slender,  many-jointed,  ciliated  caudal 
appendage  (Jig.  123,  g\  which  is  traversed  by  the  generative 
canal.  The  mouth  is  situated  near  the  anterior  extremity  of  the 
body,  which  is  modified  to  form  the  organ  of  attachment  of  the 
animal.  It  is  sometimes  produced  to  a  considerable  extent,  and  is  of 
contracted  diameter,  forming  a  long  and  flexible  peduncle ;  sometimes 

♦  Lat.  cirrus,  a  curl,/>c*,  »  foot.  f  CCXXIII.  pp.  189.  248. 
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formed  one,  now  immediately  to  bo  moulted  with  the  other  integamenttf' 
of  the  body.     As  soon  as  this  exuviation  is  effected,  the  tender  ova, 
united  into  two  lamell£e,  and  adherinir  bh  yet  to  the  bottom  of  the  sac 
lire  exposed  :  as  the  membranes  harden,  the  lamellae  become  detactie^ 
from  the  bottom  of  the  sac,  but  are  preTented  from  being  washed  ou 
by  becoming  united  to  semicircular  folds  of  skin  continued  from  ( 
side  of  the  point  of  attaclmient  of  the  body  to  the  sac.     These  foJd^ 
or  **  frffina/*  usually  large,  but  in  Ibia  minute,  are  formed  of  chitic 
with  underlying  corium,  and  their  free  border  is  besot  with  minut 
pedunculate  or  clavate  glandular  bodies,  secreting  an  adhesive  sut 
stance  serving  to  unite  the  ovigerous  lamellae  to  the  frsna.     In  somol 
species  of  PoUicipes  the  fruenal  folds  are  destitute  of  the  glands,  and 
do  not  subserve  the  function  allotted  to  them  in  other  Lepadoids. 

Mr<  Darwin,  to  whom  we  owe  the  above  details,  is  of  opinion  tbatl 
the  lamellitorm  gills  of  the  Balanolds  are  the  homologues  of   the] 
frcena,     **The  ova  are  impregnated  (as  I  infer  fi*om  the  state  of  lh« 
vesiculfl?  seminales)  when  first  brought  into  the  sac;  and  whilst  thej 
membrane  of  the  lamellae  is  very  tender  the  long  proboscidiform  peiiis 
seems  well  adapted  for  this  end.    In  the  male  of  Ma  CummingiK  whichl 
has  not  a  probosciformed  penis,  the  whole  flexible  body,  probably,! 
performs  the  function  of  the  penis :  in  Scalpellum  ornattim^  however,] 
the  spermatozoa  must  be  brought  in  by  the  action  of  the  cirri,  or  of  thai 
currents  produced  by  them.    That  cross  impregnation  may,  and  some*! 
times  does  take  place»  I  infer  from  the  singular  case  of  an  individual] 
in  a  group  of  Balani,  in  which  the  penis  had  been  cut  off.  and  had  i 
healed  without  any  perforation  ;  notwithstanding  which  fact,  larvnB 
were  included  in  the  ova." 

Mr.  Dai' win  has  shown  that  the  organ,  by  the  secretion  of  which 
the  Cirripeds  attach  themselves  to  foreign  bodies,  is  a  modified  part 
of  the  ovarian  tube.     In  the  Lepadoids  there  are  two  cement-glands, 
situated  high  up  in  the  midst  of  the  ovarian  C4eca,  with  one  cement-  ' 
duct  proceeding  from  each ;  the  cement  issues  from  the  prehensite 
antennse»  and  in  some  cases,  at  a  later  period,  it  escapes  through 
apertures  in  the  peduncle.      In   the  Balanoids,   at  each    period  of 
growth  a  pair  of  new  cement-glands  is  developed,  larger  than  those  i 
last  formed,  and  making*  with  the  older  glands,  a  chain  connected  J 
together  by  the  cement-trunk.     They  all  adhere  to  the  basal  mem- 
brane or  the  basal  shelly  plate. 

The  supplemental  male  of  the  Scalpellum  vvlgare  (Jig*  125)   is 
found  attached  over  the  fold  in  the  occludent  margin  of  the  scutum  I 
of  the  large  hermaphrodite  individual ;  and  is  sometimes  imbedded 
more  than  half  its  length  in  the  spinigerous  chitine.     It  is  an  ovate, 
compressed,  flaak-like  body,  having  a  fimbriated  orifice  (o)  at  one 
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end:  a  little  behind  this  are  four  obtuse  bristlj  processes  (6);  and 
125  behind  them  are  four  little  calcareous  nodules,  or  rudi- 
mental  valves.  The  cavity  of  the  body  contains  a 
brownish  pear-shaped  bag,  containing,  in  some  indivi- 
duals, a  mass  of  spermatozoa.  With  this  testis  are  con- 
nected small  vesiculse  seminales,  and  Mr.  Darwin  be- 
lieves he  has  distinguished  an  orifice  at  the  end  of  the 
abdomen.  After  the  most  careful  dissection  of  very  many 
^"fe**  Sea"**!-  8p®c^6°8>  ^^  c*i^  positivcly  affirm  that  there  is  no  vestige 
lum  Tuigarc.     of  mouth  or  masticatory  organs,  stomach,  or  intestine.* 

When  we  reflect  on  the  unifoi-mity  of  distribution  of  the  Cirripeds, 
particular  species  being  attached  to  particular  objects,  and  these  not 
always  stationary  and  extended  bodies,  but  often  living  animals,  and 
sometimes  animals  with  quick  powers  of  locomotion ;  when  we  further 
call  to  mind  that  they  adhere,  not  by  prehensile  jaws  or  feet,  but  by 
the  growth  of  a  pedunculated  root,  or  by  the  gradual  application  of  a 
layer  of  cement  forming  the  base  of  their  shell ;  we  must  be  con- 
vinced that  the  organisation  and  properties  of  the  fettered  animal 
are  wholly  inadequate  to  afford  an  insight  into  the  process  by 
which  it  acquired  its  resting-place ;  and  that  a  knowledge  of  the 
previous  career  from  the  time  of  quitting  the  egg  is  not  less  essential 
to  an  explanation  of  the  subsequent  attachment  of  the  Cirripedia^ 
than  it  was  for  the  elucidation  of  corresponding  phenomena  in  the 
Epizoa. 

No  fortuitous  dispersion  of  ova  giving  origin  at  once  to  a  pedun- 
culated or  sessile  multivalve  can  account  for  the  invariable  attachment 
of  the  Coronula  to  the  skin  of  the  whale,  and  of  the  OHon  to  the 
shell  of  the  parasitic  Coronula  ;  of  the  Chelonobia  to  the  carapace  of 
the  turtle,  of  the  Cinercu  to  the  tail  of  the  sea-serpent,  or  of  the  im- 
bedding of  the  Acasta  in  the  substance  of  a  sponge.  These  remark- 
able phenomena  have  been  explicable  only  since  the  discovery  of  the 
singular  metamorphoses  which  the  Cirripeds  undergo,  and  of  the 
power  which  they  possess,  at  one  period  of  their  existence,  of  attain- 
ing and  selecting  their  peculiar  and  appropriate  place  of  permanent 
abode.  Nor  were  the  real  nature  and  affinities  of  this  singular  shell- 
covered  class  of  animals  less  problematical  and  doubtful  before  the 
phenomena  of  their  development  had  been  traced  out. 

Mr.  V.  Thompson,  whose  minute  and  careful  researches  into  the 
natural  history  of  marine  animalcules  have  thrown  much  light  on  the 
structure  and  development  of  radiated  animals,  was  also  rewarded  by 
the  discovery  of  the  metamorphosis  of  the  Cirripeds.f    On  the  28th  of 

*  CCXXIII.  pp.  234,  235.  f  CCXXV.  Memoir  iv. 
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April,  1823,  he  captured,  with  a  sroall  mualin  towing  neL  a  numc 
of  translucent  animalcules,  about  the  tenth  of  an  inch  in  length,  of  aj 
BubclHptic  form,  slightly  compressed,  and  of  a  brownish  tint  i  the 
body  of  each  was  defended  by  a  shell  composed  of  two  valves,  joinedl 
by  a  hinge  along  the  back,  and  opening  along  the  opposite  margin  for| 
the  protrusion  of  a  large  and  strong  anterior  pair  of  limbs  (JiffA26,  o), 
126  provided  with  an  adhesive  sucker , 

and  hookft,  and  of  six  pairs  of 
posterior  jointed  members  (^),l 
terminated  by  a  pencil  of  bris-^J 
ties*  These  natatory  limbs  acted  | 
in  concert^  so  as  to  cause  the! 
animal  to  swim  by  a  succession  1 
^    *    *^'  of  bounds  like  the  water  Hess 

(Daphnia),     The  body  was  terminated  by  a  short  tail  (e),  composed  i 
of  two  setigerous  joints.      A  pair  of  pedunculated  compound  eyes  {d)  i 
was   attached  to  the  anterior  and  lateral  part  of  the  body.     Other  I 
specimens  of  this  little  seeming  crostaceous  animal  were  taken  on  the  j 
Ist  of  Mayj  and  preserved  alive  in  a  glass  vessel  of  sea-water.     OnJ 
the  night  of  the  eighth  two  of  them  had  thrown  oft*  their  outer  skin, 
and  were  firmly  adhering  to  the  bottom  of  the  vessel,  where  they  ra- 
pidly assumed  the  form  of  the  young  of  the  sessile  Barnacle  called 
Balanus  pusUlus,     The  sutures  between  the  valves  of  the  shell  and  of 

the  operculum  were  visible^  and  i 
the  arms,  though  not  yet  per- 
fectly developed,  were  seen  mov* 
ing  within.  The  eyes  also  were 
still  perceptible,  although  the 
principal  part  of  the  black  co- 
louring matter  appeared  to  have 
been  thrown  ofl'  with  the  exu- 
vium.  On  the  10th  of  May 
another  individual  was  seen  in 
the  act  of  throwing  oflF  its  exu- 
vium,  and  attaching  itself  to  the 
bottom  of  the  glass.  As  the  cal- 
cification of  the  shell  proceed^ 
the  eyes  gradually  disappear, 
and  the  visual  ray  15  extinguished 
for  the  remainder  of  the  animal's 
life.  The  arms  at  the  same  time 
acquire  their  usual  ciliated  ^ 
structure. 


127 
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In  a  subsequent  memoir*,  Mr.  Thompson  described  and  figured 
larvee  of  the  Lepas  and  Cineras.  The  young  Lepas,  at  the  stage  at 
which  it  was  observed,  somewhat  resembles  the  entomostracous  genus 
Cyclops  {Jig.  127).  It  has  a  single  median  sessile  eye-speck,  three 
pairs  of  members,  the  most  anterior  of  which  are  simple,  the  others 
bifid.  The  back  of  the  animal  is  covered,  like  the  Argulus  armiger^ 
by  an  ample  shield,  terminating  anteriorly  in  two  extended  horns,  and 
posteriorly  in  a  simple  elongated  spinous  process. 

The  discoveries  of  Mr.  Thompson  have  been  abundantly  con- 
firmed by  Audouinf,  Wagner  J,  Burmeister§,  GroodsirJ,  Bates  %  and 
Darwin.** 

In  a  few  Cirripeds,  e,  g^  the  species  of  CryptophialuSy  the  changes 
from  the  egg  to  the  pupa  take  place  within  the  sack  of  the  parent. 

Fig,  127  illustrates  the  form  of  the  "  larva,"  or  first  stage,  in  both 
pedunculated  and  sessile  Cirripeds,  at  least  after  the  second  moult. 
Before  the  moult,  the  horns,  including  the  second  antennae  and  the 
caudal  appendages  c,  are  less  developed ;  and  are  always  shorter  in 
Balanus  than  in  Lepas.  The  general  form  of  the  larva  is  a  de- 
pressed oval,  the  body  inarticulate,  with  a  carapace  covering  the 
dorsal  surface.  The  eye  {d)  often  appears  to  be  due  to  a  confluence 
of  two  eyes.  Behind  the  eye  there  arise  a  minute  pair  of  horns,  or 
sheaths  containing  the  rudimental  antennas  of  the  first  pair.  The 
large  lateral  horns  (^,  e)  contain  the  second  pair  of  antennae ;  they  are 
amongst  the  earliest  developed  organs,  as  in  the  larvae  of  the  Crus- 
tacea. The  mouth  is  more  or  less  proboscidiform,  and  is  situated 
between  the  first  or  second  pairs  of  natatory  legs ;  the  cssophagus 
extends  from  it  anteriorly,  as  in  Limulus.  The  first  pair  of  natatory 
legs  has  a  simple  terminal  joint ;  the  second  and  third  pairs  have 
bifid  terminal  joints,  or  are  biramous,  in  all  the  genera,  as  in  Lepas 
{Jig»  127).  Darwin  regards  the  natatory  limbs  as  answering  to  the 
second,  third,  and  fourth  thoracic  limbs  in  the  Crustacea.  Behind 
these  limbs  the  trunk  is  produced,  and  terminates  in  a  horny  forked 
appendage,  which  becomes  much  elongated,  as  in  Jig,  127,  after  the 
first  moult.  In  some  larvae  a  second,  and  even  a  third  fork,  then 
appears,  indicative  of  an  articulated  abdomen. 

In  the  second  stage  of  the  larva  the  carapace  is  much  changed :  the 
second  or  great  antennae  become  prehensile  organs ;  the  first  pair 
disappears ;  the  eye  has  become  double ;  but  the  mouth  is  still  simply 
suctorial,  although  advanced  in  position.  The  three  pairs  of  thoracic 
limbs  retain  their  larval  character. 

♦  CCXXVI.  t  CCXXVIl.  p.  31.  X  CCXXIX.  p.  467. 

§  CCXIV.  II  CCXXX.  pi.  iii.  and  iv. 

^  CCXXVIII.  pi.  6.  7,  and  8.  ♦♦  CCXXIII.  and  CCXXIV.  p.  102. 
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Im  die  durl  or  papd  rtigti^  tin  Anterior  iLttatoiry  leg^  b^ame,  like 
the  odierii  biid  or  Wmmmrt*  aad  tLre«  posterior  p^irs  of  legs  mre 
■HmwldtJ ;  tkb  mmH  rtdloMgn  IraeoKci  deEoed  from  ihe  thonx. 
Tka  ptohoBflik  ■■loonii  are  frea*  ^r  -l.  tlidr  ea^et ;  the  two  ejes 
olHid  loitiber  apart.    TW  canyac       ..-isu  of  tvo  portions,  like  the 
salvos  of  a  biTalTe  aheDy  wkioh  fbld  oxer  and  iodada  the  tliora^  and 
and  their  appeadageg,  pefmittisf  mho  the  prehensile  an- 
I  06^.  12^  «)  to  be  beot  badk  wiiUn  tht^  lower  e%e.     The  two 
^TOi  of  tlie  aheQ  are  di««m  togc      -    ^  mn  adductor  muscle^  which 
aaterior  to  tlM  tenl  anr  j:  -i     f  the  raoath.      Dorwm  h&s 
i  the  piqML  of  the  £.qp«  OK^fmltt  to  ''fwim  toij  rapidly,  and 
I  oa  one  aide^  la  a  circle  ;  it  or^ald  walk  hj  the  aid  of  i^  antenna^ 
b«l  it  often  ML  or&t.^    The  antpunr  are  the  orgam  hj  which  the 
jiMmg  Giripod  finally  aadMTB  it^lf  to  the  spot  where  its  futare 
aiMt  eyjateaoe  ia  to  he  ipeat.    The  ecnsent-docts  tna^  he  traced  as 
fiir  aa  the  third  or  diae-oepeent  of  the  aotenne.     There  the  cement 
aaaBM  to  traaaode,  and  to  fioton  dc^wn  the  diac:  doon  both  antennae 
are  aorroooded  bj  a  ooiaMMi  horder  of  oanoit^  which  gradually 
i«ereaaat  m  extonl  after  the  aMtamorphosis.    In  the  Lepas  fascicu' 
kmit^  the  tmmml  n  fKMred  o«t  ia  s^ttfEck&t  qnantides  to  form,  itaell^ 
the  aohataaoe  to  which  the  pedmc^le  of  the  adali  baniacle  adh€f«% 
9md^  for  a  chntor  of  which  haivadc?  it  eo&itinites  a  central  Teslcdar 
ioa^  aa  mmj  he  aeen  ia  the  prep&rmtkicifl.,  No^  27o  and  27S,  Kat. 
Hi«t.  Series  Hantenan  Miiseom. 

The  three  ttrmin^  segmonts  of  the  antenna,  into  which  the 
cetnentHluctii  are  pix^longed,  are  retained  in  an  otherwise  fiinctionless 
condition,  in  the  young  Cixripoi).  The  month  id  formed  luder  that 
of  the  pnpa^  with  a  now  <r>iaopha|ru5t  round  the  old  cKdophagns,  leading 
into  the  SAme  aliraentarr  can^d.  The  twentj-fonr  extreme  tips  of 
the  MX  pair$  of  l%iran>ou$  oim  of  the  jonng  Cirriped  are  formed 
within  the  twenty-A>«r  extremitit^  of  the  six  ptirs  of  biramous 
natatorj  k>|r*  <^  the  pup«,  **  Oon«>quently,*  writes  Darwin,  "  in 
flvt^  CirrijiMo  and  pu|^  ihw*  tkr»  part  corresponds  with  part,  not- 
withsitandin;  that  new  erojs  are  iorn>ed  posteriorly  to  the  old  eyes, 
ant)  new  «cou$tie  oq^ans  in  a  quite  different  po»ti<m  from  the  old 
oiwo ;  but  now  wie»  oi^me  to  a  nn^st  irapiMtant  diversity  in  the  meta- 
morphoiiA»  or  r*ther,  h>  A\IK>w  lVi>ft^si!Jor  Otren  *,  in  the  metagenesis, 
of  the  youi^  Cim|>ede.  Ahht^uirK  «$  just  stated,  the  extremities  of 
tho  eirrl  are  fon\>e«l  within  the  le^rs  of  the  pupa,  yet,  from  the  great 
length  *M'  the  eirri*  they  t><vupy  WH>ty»  than  the  whole  of  the  thorax  of  the 
pupa  I  m  thai  the  Ihor^x  t\f  the  y\>ui\$  Cirripede  ia  not  formed  within 

*  l\^nhewh>ftv>«<^  pp.  lA  aad  ia. 
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the  pre-existing  thorax  of  the  pupa,  but  within  that  part  of  the  pupa 
(homologicallj  a  portion  of  the  first  three  cephalic  segments)  which 
lies  anterior  to  the  thorax.  As  a  consequence  of  this,  the  pedicels 
and  lower  portions  of  the  cirri,  the  segments  of  the  thorax  and  its 
dorsal  surface,  all  come  to  occupy  a  position  at  nearly  right  angles 
to  that  of  the  corresponding  parts  in  the  pupa.  And,  as  a  further 
consequence  (and  this  is  a  more  important  point),  the  sack,  which  both 
in  the  young  Cirripede  and  pupa  is  formed  by  the  overhanging 
and  produced  portion  of  the  carapace,  and  which-is  internally  lined 
by  a  reduplication  of  the  membrane  of  the  thorax^  is  necessarily, 
owing  to  the  changed  position  of  the  thorax,  altered  in  extent  and 
carried  much  further ;  namely,  from  extending  merely  parallel  to  the 
longitudinal  axis  of  the  pupa,  it  is  now,  in  the  young  Cirripede,  in 
addition,  carried  almost  quite  across  the  inside  of  the  animal.  Hence 
it  comes  that  the  young  Cirripede  is  internally  almost  intersected ; 
and  its  body  remains  attached  only  by  a  small  space  to  the  sternal 
or  ventral  inner  surface  of  the  carapace, — the  carapace  being  modified 
either  into  the  capitulum  and  peduncle,  or  into  the  shell  with  its 
operculum  and  basis.  As  a  still  further  consequence  of  this  change 
of  position  of  the  body  of  the  young  Cirripede  within  the  body  of 
the  pupa,  the  alimentary  canal  becomes  shortened  to  fully  half  its 
former  length.  At  the  same  time,  the  interspace  between  the  mouth 
and  first  pair  of  legs  of  the  pupa  (consisting  of  the  seventh  and 
eighth  segments  of  the  archetype)  is  quite  lost  in  the  Cirripede  by 
coalescence.  The  first  cause  of  the  thorax  of  the  young  Cirripede 
not  being  developed  within  the  thorax  of  the  pupa,  probably  is,  that 
the  cirri  may  be  formed  of  considerable  length,  so  as  to  be  immediately 
able  to  seize  prey;  and  that  the  thorax,  which  supports  the  cirri 
(and  this  probably  is  even  more  important),  should  be  as  free  aa 
possible  within  the  sack,  so  as  to  aid  the  captorial  action  of  the 
cirri."  ♦ 

When  the  due  time  for  the  act  of  metamorphosis  has  arrived,  the 
pupal  carapace  splits  along  the  dorsal  ridge,  and  is  cast  off  together 
with  the  acoustic  sacks,  the  basal  segments  of  the  two  antenne,  and 
the  great  black  compound  eyes.  ''  Besides  the  split  along  the  dorsal 
ridge,  the  carapace  separates  all  round  the  orifice  from  the  delicate 
tunic  lining  the  sack  and  investing  the  thorax  and  natatory  legs  of  the 
pupa ;  for  those  membranes  are  not  moulted  for  some  considerable 
time  afterwards.  Hence  all  these  inner  parts  retain  for  a  period  the 
appearance  and  structure  of  the  natatory  pupa,  whilst  the  exterior 
resembles  in  every  respect  a  fixed  and  perfect  cirripede."  \ 

*  CCXXIV.  p.  123.  t  lb.  p.  126. 

u  3 


.«il.^"j^^v^ 


or  dili  noil  alflgrfv  ftm  of 
QHm^wm  from  whom  Hm  above 
iMi  jrtiitUj  tbo  oommoo  pttteni  OB  wlndk  the 
im? e  been  ovperiiidiieed.    The  eidie^rpe 
iienlii  lb«  Aroi  foarteen  of  which,  es  ittlhe 
iipbaMfaorex  (  the  other  three  ere 
IM^ofenteiiMiAodthe  eyes  determiiie  the  int 
Ihebitdi  the  Uireopelrforjewi  mark  the  next  * 
the  Mf  entb  oepbalio  differt  from  the  loeeeeding 
mAnli*    In  all  tbe  common  cirripeda  two 


Mr,  Darwin  bellc?aa  to  be  the  huit  cephalic  and  the  firrt 
m4  Iba  aiv  palra  of  drri  belong  therefore  to  the  aiz  Im* 

Tba  ganaral  analogj  of  the  pedancokted  drriped  to  tiie  typmal 
OrWiliMMmMid  Iba  true  nature  of  the  pedonde^  win  be  I 
\^  lh«  4ll«flim  reduced  ln>!^  128,  from  Mr.  Darwin'a  i 
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The  upper  Aguro  id  of  a  atomapoil  crustacean  :  the  abdomen,  which 
in  cirripeili  is  rudimentary,  is  given  in  outline.  The  lower  figure  is 
a  mature  Lepaa,  with  the  outer  antonmv  {a)  and  eyes  (c),  which  are 
actually  present  in  the  larva»  retained  and  figured  of  proportionate 
aiia.  All  that  we  see  externally  of  a  cirn|x>d,  whether  pedunculated 
or  sea^ile,  is  the  three  anterior  segments  of  Uie  bead  of  a  crustacean, 
with  lis  anterior  end  permanently  cement eii  to  a  surface  of  attachment, 
and  with  its  posterior  end  projecting  vertically  from  it. 

The  oapitulum,  or  shell,  answers  to  the  carapace  in  higher  cmata- 
ceana,  which  la  a  backward  production  of  the  tergal  elements  of  the 
(bird  segment*  It  is  divided  into  (s)  the  scutum,  (/)  the  tergum,  and 
(||0  dursal  line  of  splitting  is  defended  bj  the  narrow  carinal  piece  c; 
b  jt^  \\\\i  basis  of  the  eapitulum,  compound  carapace  or  shell ;  m, 
\\\{i  uotijiiun  of  the  mouths  p,  the  termination  of  the  intromittent 
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organ,  developed  from  the  vertical  surface  of  the  apex  of  the  abdomen, 
but  not,  according  to  Darwin,  the  modified  homologue  of  the  ab- 
domen. 

Ckss  EFIZOA. 

Body^  chitinous,  vermiform,  subarticulated,  not  always  symmetrical; 
with  antennas  and  articulated  limbs  terminated  either  by  suckers, 
hooks,  or  bristles.  Vascular  system  diffused:  white  blood.  No  re- 
spiratory organs.  Dioecious.  Males  small  or  rudimentary :  females 
with  external  pendent  ovisacs.  Meiitgenesis  resulting  in  a  usually 
permanent  parasitic  attachment  on  the  bodies  of  fishes. 

The  class  is  subdivided  according  to  the  mode  of  that  attachment 

Order  L  Cephaluna.* 

Attachment  by  cephalic  processes^  sometimes  numerous  and  com- 
plex. 

Genera  PeniculuSy  LemcM^  Chondracanthus,  Lermsocertiy  Penella, 

Order  U.  Brachiuka. 

Attachment  by  a  suctorial  disc  at  the  confluent  extremities  of  the 
last  pair  of  thoracic  limbs. 

Genera  AchthereSy  TracheUcutes^  BrachieUay  LerntsopodOy  Ancho^ 
reUa, 

Order  ILL  Onchuka. 

Attachment  by  hooks  at  the  free  extremities  of  the  first  pair  of 
thoracic  limbs. 

Genera  DicheUstiumy  Lamproglena,  ErgtmluSy  Nicothoe, 

Class  CIRRlPEDIA.t 

Body,  chitinous  or  chitino-testaceous,  subarticulated,  mostly  sym- 
metrical, with  aborted  antennas  and  eyes.  Mouthy  prominent,  com- 
posed of  a  labrum,  palpi,  two  mandibles,  and  two  pairs  of  maxilUe. 
Thorax,  attached  to  the  sternal  internal  surface  of  the  carapace,  with 
six  pairs  of  multiarticulate,  biramous,  setigerous  limbs.  Abdomen^ 
rudimentary ;  vascular  system  diffused :  white  blood.  Branchias, 
when  present,  attached  to  the  inferior  lateral  part  of  the  surface. 
Most  are  hermaphrodite  ;  a  few  have  minute  rudimentary  male  indi- 
viduals parasitically  attached  to  the  females.     Penis,  proboscidiform, 

*  irc^ax^,  the  head,  and  cM*    a   bed  or  last  resting-place,  in  the  plural 
"  anchors." 
t  In  the  characters  and  subdivision  of  this  class  I  have  followed  Darwin. 
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develope  ota  onlj»  the  epermatozoa  being  formed  m  distinct  and 
much  smaller  parasitic  males.  The  same  excellent  obsenrer  Laa  detected 
Bimilar  parasitic  individuals,  motitlilesd  and  stomacbless^  contaiulng 
abundant  spermatozoa,  attached  to  the  larger  individuals,  possessing 
both  male  and  female  organs,  of  Ibla  gnadrivalvis^  ScalpellHtn 
vulgare,  Sc,  rutilum^  Sc*  rostratumy  Sc,  Pej^onii^  and  Sc.  vUlosnm^ 
guch  aupplemental  malea  having  specific  characters  as  distinct  as 
those  of  the  hermaphrodite  individyals  to  which  thej  are  attached, 
and  in  which  the  vesicular  seminales  are  unusually  small. 

The  ordinary  hermaphrodite  combination  of  generative  organs 
prevails  so  far  as  is  hitherto  known  in  all  the  species  of  Lepa9,  P^e%^ 
tasma,  Oxyna^pis^  Anelasma,  PoUtcipeSf  LUhotrya,  Olion^  and  Chieras<, 
The  male  organs  consist  of  two  testes,  two  aperm-bladdera  with  their 
sperm-ducts,  and  the  penis.  The  testes  consist  of  minute  compressed 
seminiferous  lobes,  forming  usually  a  le-aden -coloured  pyriform  digi- 
tate or  dendritic  mass :  they  coat  the  stomach,  enter  the  pedicels  and 
basal  joints  of  the  cirri,  in  some  genera  occupy  certain  swellings  on 
the  thorax  and  prosoma,  and  in  others  penetrate  the  filamentary 
ap^>endages.  They  are  confined  to  the  thorax  and  prosoma  in  the 
sessile  Cirripuds.  The  sperm-l>ladd«rs  are,  in  most  species,  very 
large :  in  the  Lepadoids  they  lie  along,  and,  save  in  some  species  of 
Scalpellumy  penetrate  the  prosoma,  where  their  broad  ends  are  often 
reflexed :  here  the  bninched  ducts  from  the  testes  enter*  The  coats 
of  the  bladder  are  formed  of  circular  fibres,  which  Darwin  conclude! 
are  mnaeular,  having  seen  the  spermntozoa  expelled  with  force  from 
the  cut  end  of  a  living  specimen.  The  sperm-bladders,  as  they  extend 
backwards,  gradually  contract  to  canals  which  unite  in  a  single 
sperm-duet  at  the  base  of  the  penis,  or,  in  Olion,  half-way  along  it. 
In  the  bell -bur  nacles  {Balanu/)  the  sperm-reservoirs  are  very  long 
and  tortuous:  they  lie  within  the  thorax  and  prosoma,  and  unite  at 
the  base  of  the  proboacidiform  penis.  This  organ  is  of  great  length, 
except  in  certain  species  of  Scafpellum,  and  can  move  Creely  in  all 
directions;  it  is  supported  on  a  straight  unarticulated  base,  short  in 
most,  but  in  Jbh  f/nafi  rival  vis  of  great  Icngtli*;  the  rest  of  the 
extent  is  more  or  less  distinctly  articulated  ;  short  hairs  project  from 
the  intervals  of  the  rings,  and  more  abundantly  from  the  end  of  the 
penis. 

In  the  Balanoids  the  ovaria  consist  of  glandular  bodies,  of  un- 
branched  or  main  tubes,  and  of  branching  tubes  and  c^ca.  The 
ovarian  glands  are  situated  near  the  basal  edge  of  the  labrum :  the 
branched  tubes  lie  between  the  calcareous  or  membranous  basis  and 
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tbe  inner  basal  lining  of  the  sac  extending  a  certain  way  upwards 
around  the  sac  There  are  no  true  oviducts.  In  the  Lepadoids  the 
oyaria  have  a  more  complex  form  and  extended  place  :  they  consist, 
on  each  side,  of  a  thoracic  and  peduncular  portion  connected  by  a  long 
unbranched  canaL  The  thoracic  ovaria  {fig.  124,  o),  mistaken  by  Cuvier 
for  salivary  glands,  correspond  in  position  with  the  entire  ovaria  in  the 
Balanoids :  they  are  of  an  orange  colour,  and  present  the  form  of  two 
parallel,  gut-sbaped  masses,  havings  in  Otion^  a  great  flexure,  and 
generally  dividing  at  the  end  near  the  mouth  into  a  few  blunt 
branches*  Mr.  Darwin,  who  has  given  the  best  account  of  the  female 
organs  in  the  pedunculated  Cirripeds,  vmtes,  ''  The  state  of  these  two 
masses  varied  much ;  sometimes  they  were  hollow,  with  only  their 
walls  spotted  with  a  few  cellular  little  masses ;  at  other  times  they 
contained,  or  rather  were  formed  of,  more  or  less  globular  or  finger- 
shaped  aggregations  of  pulpy  matter ;  and,  lastly,  the  whole  consisted 
of  separate  pointed  little  balls,  each  with  a  large  inner  cell,  and  this 
again  with  two  or  three  included  granules.  These  so  closely  re- 
sembled, in  general  appearance  and  size,  the  ovigerms  with  their 
germinal  vesicles  and  spots  which  I  have  often  seen  at  the  first  com- 
mencement of  the  formation  of  the  ova  in  the  ovarian  tubes  in  the 
peduncle,  that  I  cannot  doubt  that  such  is  their  nature.*^*  The 
connecting  canals  diverge  at  the  bases  of  the  first  pair  of  limbs,  bend 
along  each  flank  of  the  prosoma,  under  the  superficial  muscles,  and 
converge  to  penetrate  the  peduncle,  along  the  ventral  side  of  which 
they  run  close  together,  and,  when  half-way  towards  the  end,  begin 
to  branch  out  in  all  directions ;  the  ova  being  developed  within  the 
stems  of  the  branches  as  well  as  at  their  ends.  *'  A  minute  point 
first  branches  out  from  one  of  the  tubes,  its  head  enlarges  like  the 
bud  of  a  tulip  on  a  footstalk ;  becomes  globular,  shows  traces  of 
dividing,  and  at  last  splits  into  three,  four,  or  five  egg-shaped  balls^ 
which  finally  separate  as  perfect  ova^f  {fig.  121,  t). 

According  to  the  same  author,  the  ova,  immediately  before  one  of 
the  periods  of  exuviation,  burst  forth  from  the  ovarian  tubes  in  the 
peduncle,  and  round  the  sack  of  the  animal,  and,  moving  <<  along  the 
open  circulatory  channels,  are  collected  (by  means  unknown  to  me) 
beneath  the  chitine  tunic  of  the  eack,  in  the  corium,  which  is  at  this 
period  remarkably  spongy  and  full  of  cavities.*'  The  corium  forms  or 
"resolves  itself  into  the  very  delicate  membrane  separately  enveloping 
each  ovum,  and  uniting  them  together  into  two  lamellse :  the  corium 
having  thus  far  retreated,  then  forms,  under  the  lamellae,  the  chitine 
tunic  of  the  sac,  which  will  of  course  be  of  larger  size  than  the  last- 
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LECTURE  XIV. 

CKU8TACKA. 

Tbe  din  of  niTartebrated  animals  which  fonns  our  present  snhject 
naj  be  regarded,  from  one  point  of  fiew,  as  haring  been  entered  upon 
in  the  precedii^  Lectoie ;  for,  were  we  cognisant  of  the  Lenueans 
and  (%rriped8  in  no  o^ier  than  their  fecooiodTe  state,  we  might  be 
led,  with  those  natnralisis  wiio  jodge  of  an  animal  firom  one  of  its 
▼ital  stages  onlj,  to  daasifjr  than  with  the  Cmstaeea,  and  tiie  papal 
barnacles  more  eq>eciallj  with  the  hiralTe  Entomostracans.  All 
Cmstaeea,  howerer,  differ  from  the  Epixoa  in  being  branchiferons ; 
and  firom  the  Cirripedia  in  beii^  dkecioQS,  with  weli-derdoped  males. 
And  the  subjects  of  the  preceding  Lecture  must  hsTC  suffidentlj 
impressed  us  with  the  neoesstty  of  careful  uiTcstigation  of  proUemaiie 
^eeies  at  OTcrj  stage  d  thdr  derelopment,  in  order  to  determine 
thmr  affinities  and  position  in  the  scale  of  nature. 

In  tracing  tiie  progrenaiTe  auffdi  of  stmetnral  eom^icatioBS  in  the 
animal  kingdom,  we  see  that  the  organs  <^  TegetatiTe  life  mndi  more 
rapidlj  acquire  their  full  derelopment  than  those  of  animal  life ; 
and,  in  reference  to  the  latter,  we  find  a  more  regular  gradation  of 
perfection  a3  the  cla.sses  ascend  in  the  scale.  Take  the  Articulate 
sub-kingdom  for  example.  The  Entozoa  may  show  a  complete  alimen- 
tary canal,  with  mouth  and  vent,  and  with  salivary  and  biliary  cceca: 
they  may  have  the  sexes  separate,  and  the  male  and  female  organs 
marvellously  developed ;  yet  be  devoid  of  every  trace  of  a  locomotive 
organ,  and  have  a  smooth,  soft,  continuous,  lubricous  integument. 
In  the  Annulata  we  found  the  integument  firmer,  but  alternately 
harder  and  softer,  so  as  to  be  divided  into  segments  with  flexible 
articulations;  and  in  the  higher  forms  of  this  class,  each  of  the  joints 
was  provided  with  distinct  limbs,  although  these  presented  the  lowest 
form  of  such,  e.  g.,  as  simple  tubes  including  protractile  setae.  In  the 
larval  Epizoa  we  saw  the  limbs  presenting  a  true  jointed  structure, 
but  lost  or  becoming  more  or  less  abortive  in  the  fixed  adults ;  whilst 
in  the  Cirripedia  several  pairs  of  jointed  limbs  are  retained  in  the 
adult  state,  but  their  rapid  actions  are  sobs^^rvient  to  the  acquisition 
of  food,  not  to  locomotion. 

We  make  the  easiest  and  most  natural  transition  from  the  lower 
forms  of  Articulata    to  the  Crustaceous  class,  by  passing  to  it  from 
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the  larval  state, — which  I  have  argued  to  be  the  typical  one*, — of 
the  Epizoa  and  Cirripedia;  in  which  view  we  may  regard  the 
Crustacea  as  representing  those  larvss  on  a  gigantic  scale,  and  so 
retaining  the  typical  character  with  the  faculty  of  locomotion. 

We  thus  arrive  at  a  class  of  articulated  animals  in  which  some  or 
all  of  the  annular  segments  of  the  skeleton  of  the  body  are  constantly 
provided  with  articulated  limbs  or  appendages,  in  which  all  the  species 
are  free  and  locomotive,  and  are  provided  with  distinct  respiratory 
organs.  These  animals  are  stiU,  however,  aquatic ;  only  a  part  of  the 
class  can  support  themselves  and  move  with  their  jointed  limbs  on 
dry  land  ;  the  highest  act  of  locomotion  is  that  of  climbing  reeds  or 
trees,  which  a  few  species  of  the  present  class  are  enabled  to  effect 
by  long  prehensile  claws.  But  the  breathing  organs  in  all  the  species 
are  organised  for  aquatic  respiration  ;  in  other  words,  are  branchiae  ; 
and  it  is  the  combination  of  branchiae  with  jointed  limbs  and  distinct 
sexes  which  constitutes  the  essential  character  of  the  class  Crustacea, 

The  name  of  this  class  refers  to  the  modification  of  the  external 
tegument  by  which  it  acquires  due  hardness  for  protecting  the  rock- 
dwelling  marine  species  from  the  concussion  of  the  surrounding 
elements  and  from  the  attacks  of  enemies,  and  for  forming  the  levers 
and  points  of  resistance  in  the  act  of  supporting  the  body  and  moving 
along  the  firm  ground.  The  animal  basis  of  this  external  skeleton  is 
the  same  peculiar  tissue  as  in  the  two  foregoing  classes,  viz.,  chitine, 
which  is  insoluble  in  caustic  potash,  and  is  charred,  not  consumed,  by 
fire.  In  the  crab  and  lobster  tribes  the  integument  is  hardened  by 
the  addition  of  earthy  particles,  consisting  of  the  carbonate  with  a 
small  and  varying  proportion  of  the  phosphate  of  lime.  This  crust  is 
coloured  by  a  pigmental  substance,  diff'used  more  or  less  irregularly 
through  its  outer  surface  :  its  basis  being  a  vascular  organised  mem- 
brane, or  corium.  The  crust  exhibits  a  minutely  tubular  structure f, 
is  covered  by  a  thin  chitinous  layer  composed  of  hexagonal  cells}, 
and  it  is  lined  by  a  thin  fibrous  membrane,  which  plays  an  important 
part  in  the  moulting  process.  The  tubercles  and  bristles  which  beset 
many  parts  of  the  shell  are  prolongations  of  it,  or  its  basis — chitine. 
In  the  smaller  Crustacea  the  tegument  retains  a  flexible  pergameneous 
character,  and  is  usually  so  transparent  as  to  allow  the  internal 
coloured  parts  to  appear  through  it. 

Whatever  be  the  consistence  of  the  external  integument  or  skeleton, 
it  is  alwiiys  disposed  in  a  series  of  segments,  either  actually  separate 
and  moveable  on  each  other,  or  confluent  in  a  variable  extent  and 

*  A  character  iDdicative  of  type  is  not  to  be  confoimded  with  the  sum  of  cha- 
racters determinative  of  class. 
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degree,  so  as  more  or  le^g  to  obliterate  the  traces  of  their  primiiire 
distinctness.    The  segments  Are  variously  proportioned  and  eombinedy  \ 
80  aa  Gommoaljr  to  permit  the  entire  body  to  be  divided  into  three 
parts,  viz.,  the  head^  the  thorax,  and  the  abdomeD ;  and  moat  of  the j 
Crustacea  manifest   their  pcciiliarly  distinctive  forma   by  difftrentj 
combinations  and  proportions  of  the  same  number  of  primary  ring^l 
or  segments.     Each  ring,  again,  consists  of  certain  elementary  parta, 
which,  by  varying  their  proportions^  contribute  to  the  peculiar  form 
of  the  region  of  the  body  into  the  formation  of  which  they  enter. 

There  may  be  distinguished  in  the  annular  segment  of  a  Crus- 
tacean,  a  dorsal  arch  and  a  sternal  arch,  each  consisting  of  a  median  I 
and  two  lateral  elements:    the  lateral  elements  in  the  upper  arch 
are  called   **  epiraeral,"  and  in   the  lower  one  "  episternal/*  pieces ; 
the  midtUe  element  above,  or  "  tergum,"  consists  of  two  pieces  united  i 
in  the  middle  hne,  and  that  below,  or  the  '*  sternum  "  has  the  samej 
structure.     In  a  great  proportion  of  the  class  the  body  consists  of] 
twenty-one  of  these  rings,  of  vrhich  seven  arc  more  or  less  blended  [ 
together  to  form  the  he^id  (Jiff.  129,  c\  seven  more  obviously  enter  ' 
into  the  formation  of  the  thorax  {^,g%  and  the 
remaining  seven  constitute  the  abdomen  or  tail 

Tlic  Crustacea,  with  seven  thoracic  and  seven 
abdominal  segments,  form  the  sub-class  Mtdacos- 
iraca^ ;  but  a  few  large  species  and  a  very  great  | 
proportion  of  the  smallest  members  of  the  class 
have  the  thorax  and  the  abdomen  com  posed  re- 
spectively of  a  greater  or  a  less  number  of  consti- 
tuent segments  than  seven :  these  Crustacea  form 
the   sub-class   Eniomostraca,      The   best-marked 

pf M    ^     group,  that  including  the  largest  species  of  this  sub- 

Cymofhoft.  clsss,  18  nanied  Xiphomra,  because  the  la^t  seg- 

ment of  the  body  forms  a  long  three-edged  sharp-pointed  weapon  :  it 
is  typified  by  the  Limuhts,  or  MolucC4i  crab,  in  Avhich  the  head  and 
thorax  are  more  completely  blended  together  than  in  the  true  crabs, 
which  they  resemble  in  the  general  form  of  the  body  ;  but  they  are 
peculiarly  distinguished  from  all  other  Crustacea  by  having  the  office 
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I  In  the  larger  species  of  Crastfloea,  where  the  chitinc  is  coiuVmed  with  such  I 
a  proportioD  of  carbonate  aod  phosphate  of  lime  as  to  h**  firm  and  brittle^  it  isi 
ILH  Aristotle  has  observed,  less  hard  and  less  brittle  tban  the  sbcll  of  the  mollusiks, 
^btnce  that  philosopher  called  those  Tcstacea  OstraaHJemm,  bat  gave  to  the 
Crastttct'a  the  name  of  Mulucmtraca,  vhicb  name  is  stili  retaiDed  for  that  divisioo 
gf  (he  class  which  alone  was  known  to  the  Greek  naturalist. 
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of  jaws  performed  by  the  basilar  joint  of  the  six  pairs  of  thoracic  legs, 
which  surround  the  mouth,  the  internal  branch  of  those  legs  forming 
an  ambulatory  and  prehensile  member.  The  large  cephalo-thoracic 
segment  is  protected  above  and  laterally  by  an  expanded  crescentic 
shield,  obscurely  divided  by  two  longitudinal  impressions  into  three 
lobes,  supporting  the  organs  of  vision  on  their  highest  part.  The 
tergal  parts  of  the  segments  of  the  second  division,  of  the  body  are 
also  blended  into  one  trilobate  clypeiform  piece,  their  original  separa- 
tion being  indicated  by  the  branchial  fissures,  and  the  number  of  the 
segments  by  that  of  the  lamelliform  appendages  attached  to  their 
inferior  surface.  The  termination  of  the  intestine  beneath  the  last 
segment  of  the  second  division  of  the  body  of  the  Limulus  proves  that 
division  to  answer  to  the  abdomen  in  the  Malacostraca :  but  admitting 
the  sessile  eyes  to  indicate  a  distinct  segment,  not  more  than  sixteen 
segments  can  be  determined  by  the  appendages  to  enter  into  the 
composition  of  the  entire  crust  of  the  Limulus,  including  the  sword- 
shaped  appendage,  which  is  analogous  to  the  last  or  post-anal  segment 
of  the  higher  Crustacea,  and  consists  of  a  single  modified  segment. 

In  the  small  Entomostraca,  the  number  of  the  thoracic  and  ab- 
dominal segments  generally  exceeds  that  in  the  Malacostraca.  The 
Branchipus  stagnalis,  for  example,  has  eleven  thoracic  segments,  and 
nine  abdominal  or  caudal  rings,  besides  a  distinct  head  protected  by 
a  cephalic  shield.  In  the  IsaurOy  in  which  this  shield  is  developed, 
as  in  the  Cypris,  DaphniOy  and  other  Entomostraca,  to  the  extent, 
and  in  the  form,  of  a  bivalve  shell,  enveloping  the  whole  body,  the 
number  of  thoracic  and  abdominal  segments  exceeds  twenty-four. 

The  distinction  between  the  Entomostraca  and  Malacostraca  in  the 
number  of  the  segments  of  the  body  is  of  the  first  importance  in  deter- 
mining the  affinities  of  the  ancient  extinct  Crustacea,  called  Trilobites. 
These  remarkable  animals  were  almost  the  sole  representatives  of  the 
present  class  in  the  periods  which  intervened  between  the  deposition 
of  the  earliest  fossiliferous  strata  to  the  end  of  the  coal  formation.* 
Neither  antennsB  nor  feet  appear  to  have  been  found  in  their  remains : 
the  structure  of  the  tergal  part  only  of  their  body-segments  is  yet 
known ;  but  these  are  grouped  together  to  form  a  distinct  head,  thorax, 
and  abdomen  or  tail.  The  head  is  formed  by  a  large  semicircular  or 
crescent-shaped  shield  ;  the  thorax  consists  of  from  six  (Ampyx^ 
dyptolUhiis),  seven  (Ogi/gia),  eleven  (Phacops),  thirteen  {Caly^ 
mefie)y  to  fifteen  segments :  and  the  abdomen  or  tail  includes  at  least 
eight  segments  in  this  Calymene^^  in  which  it  is  bent  under  the 
thorax,  as  in  the  crab :  the  abdomen,  post-abdomen,  or  tail,  as  the 

*  Buckland,  Bridgwater  Treatise,  i.  p.  390.  f  No.  208. 
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third  segmeni  is  Tariously  termed,  coDtams  fifteen  fettered  segme 
in  tlie  Asaphfis  caudaius :  the  segments  of  both  thorax  and  abdo- 
men are  very  similar  to  each  other,  and  graduallj  decrease  in  eiJie- 
They  are  divided  by  two  longitudioal  furrows  into  three  lobes.  The 
head  usually  supports  a  pair  of  large  compound  eyes  situated  near  the 
sides,  like  the  larger  outer  pair  of  eyes  in  the  Limulus^  which  tlie/ 
resemble  in  form  and  structure. 

The  Makcostraca  are  divided  into  two  groups,  according  to  the 
attachment  of  the  eyes;  those  with  immoveable  sessile  eyes  form  the 
Edriophihalma^  thoife  with  moveable  pedunculated  eyea  the  Podoph- 
ihaima* 

The  lower  organised  or  edriophthalmous  forms  of  malacostracous 
Crustacea  resemble  tlie  Trilobites  in  the  non-confl  uence  and  uniformity 
of  the  se^ents  of  the  thorax,  and  abdomeu.  Certain  genera,  as  ^- 
rolis  and  Bopf/rus^  have  the  tergal  arcs  of  the  segments  trilobed  ;  but 
they  exceed  not  the  characteristic  number  in  the  Malacostraca,  and 
the  seven  rings  of  the  thorax  are  clearly  indicated  in  each  by  the 
seven  pairs  of  articulated  feet  which  tliey  support,  although  these  are 
very  small  in  the  parasitic  Bojtf/rus.  In  the  C^nothoa  {Jig,  129)  the 
seven  thoracic  and  seven  ahdominal  segments  are  more  distinctly 
characterised. 

The  seven  segments  of  the  head  are  rather  indicated  by  the  ap- 
pendages of  that  part  than  demonstrable  in  any  of  the  Crustacea4 
The  Stomapoda  afford,  in  the  genus  Sguilia,  the  most  favourable  ex- 
amples for  studying  the  conformation  of  the  head.  The  first  segment 
supports  the  pedunculated  eyes  :  the  second  the  smaller  antenna! : 
the  third  and  fourth  segments  are  confluent,  but  indicated  by  the 
larger  pair  of  antennie  and  a  pair  of  mandibles  ;  the  tergal  part  of 
these  confluent  segments  is  greatly  lau 

developed,  and  extends  ovfr  the  rest 
of  the  head  and  part  of  the  thorax. 
Three  other  pairs  of  jaws  indicate 
the  rest  of  the  seven  cephnlic  seg- 
meitts ;  and  these  are  succeeded  by 
the  seven  thoracic  rings  and  their 
articulated  appendages  (^ff>  128»  a). 
Of  these  the  first  two  pairs,  which 
are  organised  for  locomotion  in  tlie 
isopods  and  am  phi  pods,  are  now  mo- 
dified to  serve  as  jaws ;  and  the  re- 
maining five  pairs  (ib.  3 — 7)  are 
reserved  for   locomotion    in  all  the  si«riwi  »rci  of  thorax.  Aimcm* 

podophthaltnous    Crustacea.      In    the  Decapoda     (Crabs,    I^bsters^ 
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Prawns),  the  first  of  these  five  ambulatory  thoracic  legs  is  commonly 
the  largest,  and  didactyle  {fig,  130,  3).  They  all  consist  of  six 
joints,  called,  as  they  recede  from  the  trunk,  coxa^  trochanter^  femur ^ 
tibiuy  tarsus,  metatarsus :  the  latter  is  often  prolonged  into  a  sharp 
stiff  claw  ;  but,  in  the  swimming  crabs,  it  is  flattened  and  expanded 
in  certain  legs  :  when  modified  as  pincers,  the  tarsus  is  expanded  and 
prolonged  into  a  finger-shaped  process,  against  which  the  last  seg- 
ment can  be  applied  like  a  thumb.  Each  leg  has  usually  two  append- 
ages attached  to  its  base,  called  the  palp  and  fiagellum :  analogous 
appendages  are  attached  to  most  of  the  thoracic  and  cephalic  articu- 
lated appendages,  which  subserve  as  jaws. 

The  tergal  arc  of  the  blended  third  and  fourth  cephalic  segments 
extends  over  all  the  thoracic  segments  in  the  macrourous  and  brachy- 
urous  Crustacea,  and  constitutes  the  broad  carapace  in  the  crab.  In 
most  Macroura  the  thoracic  shield  is  formed  of  the  lateral  or  epimeral 
elements  of  the  fourth  cephalic  ring,  which  meet  along  the  back,  and 
give  way  preparatory  to  the  moult.  The  tergal  elements  of  the  tho- 
racic rings  are  not  developed  in  either  crabs  qr  lobsters ;  when  these 
rings  are  exposed  by  lifting  up  the  cephalo-thoracic  shield,  the  epi- 
meral parts  alone  are  seen  converging  obliquely  towards  one  another, 
but  not  joined  at  their  apices.  The  thoracic  legs,  besides  serving  for 
mastication,  prehension,  and  locomotion,  usually  support  more  or 
less  of  the  branchial  apparatus,  and  certain  pairs  are  perforated 
by  the  generative  ducts,  except  in  the  crabs,  in  which  the  broad 
sternal  arc  supports  the  generative  outlets. 

The  sternal  arcs  of  the  thoracic  segments  (fig.  130)  send  inwards 
certain  processes,  called  apodemata,  which  include  spaces  for  protect- 
ing the  abdominal  nervous  chords  and  the  branchise,  and  which  give 
origin  to  the  muscles  of  the  legs. 

The  seven  abdominal  segments  are  always  united  by  flexible 
joints,  and  have  no  apodemata.  In  those  Crustacea  in  which  the 
thorax  and  its  cephalic  shield  are  small,  the  abdomen  is  long,  as  in 
the  squillse  (fig.  128,  A,  1 — 7,  in  outline),  lobsters,  and  shrimps,  and 
it  characterises  the  great  tribe  of  Podophthalma  called  Macroura  ;  in 
those  in  which  the  thorax  and  its  shield  are  greatly  expanded,  the 
abdomen  is  very  short,  as  in  the  crabs,  and  it  characterises  the  tribe 
hence  called  Brachyura.  This  alternating  excess  and  arrest  of 
development  of  the  opposite  divisions  of  the  trunk  well  illustrate  the 
law  of  organic  equivalents. 

In  a  small  intermediate  group,  called  Anomoura,  including  the 
PaguridtB,  or  Hermit-crabs,  and  the  GalatheitUsy  the  abdomen 
presents  intermediate  proportions,  and  in  some  an  anomalous  struc. 
ture :  the  fifth  pair  of  ambulatory  legs,  e.g.,  is  attached  to  the  first 
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ftlidoiiilxiftl  ring,  hnd  ifl  ufltmlly  foMrd  npon   the  back:    it  performiJ 
llie  ofliee  of  sweeping  the  gills,  the  flabellie,  which  have  that  fimctioiii 
fa  the  Bracht^ra  and  Macraura^  being  absent  from  the  bnmchUl 
ber. 
The  ftppenclagoB  of  the  abdominal  segments  (^ff.  128,  i — 7)  are  de- 
r doped,  like  thoae  of  thts  thoracic  nnes^  from  the  inferior  arcs  :  they 
lire  luuidljf  broad,  flat,  ciliated  plates,  which  may  sometimes  aid  in  re- 
ipiration,  arc  more  commonly  organs  for  swimming,  form  a  temporary 
place  of  attachment  and  protection  to  the  ova,  and  are  restricted  to 
tlitJi  una  in  the  fifmules  of  the  Brachyura,  in  which  the  abdomen  or 
tail  u  concealed  by  being  bent  forwards  npon  the  sternum.     In  the 
hermit-crabs,  which  present  an  anomalous  softness  of  their  abdominal 
aegments,  the  last  pair  of  appendages  form  the  claspers  by  which  the 
parasite  holds  fast  by  the  colomella  of  the  shell  it  may  have  selected 
for  its  abode* 

The  calcified  integament  of  the  Crustacea  being  inelastic,  inex^ 
tensile,  and  not  endowed  with  inherent  powers  of  growth  ;  being 
likewise  so  disposed  in  the  Potlophtlialma  as  to  inclose  and  protect 
the  greater  part  of  the  body  by  annular  or  large  shield-like  pieces 
like  back-  and  breast-plates,  must  needs  be  thrown  off  to  allow  of  the 
growth  of  the  animal.  This  mouU  of  the  external  integument  has 
been  obscrvetl  in  a  few  species  of  Crustacea,  in  the  full-grown  i 
specimens  of  which  it  appears  to  take  place  annually ;  and  a  like 
eodytis  is  probably  common  to  all  the  class*  Reaumur  gave  the  first 
good  account  of  the  process  in  the  craw-fish  (Aitacus  JtiiH/tdlis), 
It  takes  place  generally  in  tlie  month  of  August.  The  animal  pre* 
Ttously  retires  to  some  place  of  concealment,  is  quiet  and  fasts  for  % 
few  days,  during  which  time  the  old  crust  is  loosened  from  the  lining 
mentbrane  beneath,  which  becomes  thickened,  rascular,  and  like  velvet, 
thi^fi  bt'glns  to  harden^  the  animal  takes  measures  to  rid  itself  of  its 
Id  crust;  it  rubs  its  legs  against  each  other,  throws  itself  upon  its  back^ 
contracts  and  swells  out  the  body,  with  alternate  violent  inflections 
anil  intervals  of  rest.  The  carapace  is  thus  separated  from  the  abdominal 
aegm^nts,  in  pushed  upwai^ds,  and  the  aniuial  ttber^ates  its  head  with 
the  eyes  and  antennie,  whioh  are  provided  with  new  sheaths :  then 
JtUo  more  diHUniU  operation  of  freeing  its  extremities  takes  place : 
Uy,  th«  erawtlsh  creeps  out  of  the  remainder  of  its  old  shell  by 
withih  ^i**  abdominal  segments  ;  when  the  parts  of  the  cast^oflT 

rthell  ii    ,  3  return  so  nearly  to  their  old  positions  as  to  represent 

tha  outwnrd  form  of  the  animal  with  all  its  appendages,  even  the 
hmr%  und  lining  cif  the  istomach.  In  one  or  two  days  the  calcification 
tif  the  lu  sv  otii^t  in  completed,  and  the  animal  is  restored  to  health 
and  tuitiftiyi     1  hi  ring   this   period   two   very  remarkable   accumu* 
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lations  of  calcareous  matter,  situated  at  the  sides  of  the  stomach, 
and  known  in  the  old  pharmaceutical  works  as  ^  Oculi  Cancrorum/' 
have  disappeared:  it  would  seem  that  the  hardening  material  had  heen 
previously  accumulated  in  readiness  for  the  rapid  calcification  of  the 
new  crust,  in  order  to  reduce  to  the  shortest  period  the  defenceless 
state  of  the  craw-fish  after  its  moult. 

The  chief  difficulty  in  accepting  this  account  of  the  moult  has 
been  with  regard  to  the  possibility  of  the  soft  parts  filling  the  ex- 
panded segments  of  the  pincer-claws  of  the  crab  or  lobster  being 
withdrawn  through  the  narrow  apertures  of  those  segments  where 
they  are  joined  together.  But  the  whole  muscular  system  of  the 
moulting  Crustacean  is  subject  at  that  period  to  active  absorption, 
which  reduces  it  to  about  a  third  of  what  the  cavity  is  capable  of 
containing.  A  quantity  of  sea-water  is  introduced  between  the 
shrunken  soft  parts  and  the  old  hard  shell.  This  interposed  fluid 
stretches  every  part  of  the  jrielding  walls  of  the  joints,  and  facilitates 
the  passage  of  the  reduced  muscular  structure  through  the  contracted 
apertures.  The  limbs  are  subject,  in  the  act  of  extrication,  to 
spasmodic  twitchings ;  but,  when  a  small  portion  of  the  soft  claw 
has  been  thus  withdrawn  from  the  orifice,  the  rest  follows  almost 
without  an  efibrt. 

In  shedding  the  main  part  of  the  shell  or  carapace,  the  line  of 
union  round  the  sides  and  front,  which  passes  between  the  eyes  and 
mouth,  and  terminates  on  each  side  near  the  insertion  of  the  hinder 
legs,  is  dissolved  by  absorption.  *llie  lining  membrane  of  the  old 
shell,  which  is  the  basis  of  the  formation  of  the  new,  is  reflected 
into  each  hard  compartment  lodging  the  muscular  masses,  and  into 
the  chambers  for  the  stomach  and  other  soft  parts :  by  the  changes 
it  undergoes  in  the  preparation  for  calcification  it  cuts  off  the  former 
close  connection  of  the  included  parts  with  the  apodemata  and 
manifold  processes  of  the  old  complex  shelL  In  the  act  of  sepa- 
ration the  crab  has  sometimes  been  seen  to  throw  itself  on  its 
back,  working  the  branchise  with  unusual  force,  and  making  the 
utmost  effort  to  disengage  the  internal  processes.  It  escapes  at  the 
fissure  where  the  tail  is  connected  with  the  carapace.  Sometimes  the 
crab  hitches  one  of  its  claws  into  some  crack  or  fissure,  and  from  this 
point  of  resistance  gains  more  power  in  emerging  and  withdrawing 
itself  from  between  the  carapace  and  tail.  The  parts  of  the  old  crust 
once  evacuated,  fall  by  the  elasticity  of  their  joints  into  their  natural 
relative  position :  even  the  line  around  the  carapace  does  not  appear 
separated  unless  minutely  examined ;  while  the  antennas,  palpi, 
eyes,  complicated  organs  of  the  mouth,  branchiae,  internal  tendons, 
inner  membrane  of  the  stomach,  with  the  gastric  teeth,  the  double 
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crastaceous  body  at  the  pyloric  ori6ee,  the  two  lexers  that  prooecfd 
internally  from  the  jaws  to  farther  triturate  the  food  after  it  has| 
undergone  the  maxillary  ma9tieation«  together  with  the  whole  of  the 
internal  chambers  of  the  crust,  are  left  as  entire  aa  if  dissected  by  a 
fikilful  anacommt* 

When  the  common  crab  has  thus  emerged  from  its  old  shell,  its 
first  feeble  effort  is  to  creep  to  the  friendly  shelter  of  the  nearest 
crevice.  Its  general  appearance  is  that  of  a  lump  of  doughy  inclosed 
in  a  coloured  membrane*  Ita  growth,  however^  at  this  period  ia 
remarkably  rapid.  • 

The  elementary  fibre  of  the  voluntary  muscles,  in  the  Crustacea,  ie 
pale,  semi  transparent,  but  is  transYcrsely  striated  :  the  flat  tendon-ltke 
body  into  which  the  strong  peninform  muscle  of  the  lobster's  claw  la  i 
inserted  is  an  Internal  process  of  the  shell,  and  has  a  chittnous  basis; 
all  tlie  seeming  tendons  are  in  like  manner  **  apodemata,"  or  internal 
processes,  appertaining  to  the  exoskeletal,  not  to  the  muscular,  syateni. 
The  muscles  of  the  trunk  •segments  are  usually  rectilinear  fiattened 
iQuaes:  they  are  accumulaled  in  great  force  in  the  long  post-Ab^j 
domen,  or  tail,  of  the  lobster  and  other  Macroura:  here  the  fiexonJ 
are  on  the  ventral,  the  extensors  on  the  dorsal  surface,  the  former ' 
being  the  largest  and  most  powerful.     They  usually  pass  from  one 
segment  to  the  next ;  mostly  with  a  longitudinal  course,  a  ftfw  being 
oblique  and  decussating.     In  the  little  Cypris,  some  muscular  fibres 
arising  from  the  back  of  the  animal  act  like  adductor  muscles  on  the 
biv^alfe  shell. 

The  Crustaceous  Homogangliata  are  not  less  remarkable  for 
the  different  conditions  of  their  nervous  system,  arising  out  of  the 
progressive  concentration  of  its  central  masses,  than  for  the  diver- 
sity of  their  outward  forms.  Even  in  the  higher,  or  Malacostracoui 
division,  a  very  extensive  series  of  modifications  are  presented, 
which  lead  from  the  Anellidous  to  the  Brnehyurous  type,  or  that  of 
the  crab. 

In  the  lowest  worm-like,  equal-footed,  and  equal -ringed  Crus- 
tacea, the  dermal  skeleton  has  become  sufficiently  firm  and  resisting 
to  enable  the  trunk  to  be  raised  by  the  articulated  members  above 
the  ground.  The  muscular  system  attains  a  proportionate  increase  J 
of  volume  and  force :  so  thai  when  we  contrast  the  conditions  of  the 
sensitive  integument  and  of  the  motor  system  in  these  Crustacea 
with  those  of  the  same  systems  in  the  Anellid?,  we  obtain  most 
instructive  tests  of  the  worth  of  that  hypothesis  which  ascribes  sen- 
sation exclusively  to  the  ganglions,  and  the  motive  energy  to  the 
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non-ganglionic  nervous  columns  of  the  ArHculata.  The  same 
hypothesis  will  be  more  severely  tried  by  the  comparative  anatomy 
of  the  nervous  system  in  the  higher  species  of  the  Crustacea,  on 
account  of  the  varying  conditions  as  to  sensation  and  motion  which 
different  parts  of  their  more  diversified  forms  of  body  present. 

We  find  in  the  lowest  Isopoda,  as  the  woodlouse  {Oniseus)  and 
the  sandhopper  {Tcdiirus)^  that  the  supposed  sensitive  organs,  the 
ganglions  of  the  abdominal  chords,  are  more  developed  than  in  the 
highest  Anellides :  they  are  likewise  more  distinctly  bilobed ;  each 
lateral  chord  presenting  its  own  ganglionic  enlargements,  which  are 
in  juxtaposition,  but  not  confluent,  so  that  there  is  a  distinct  pair  of 
ganglia  for  each  segment.'  If  these  ganglions  be  microscopically 
examined,  they  present,  as  their  essential  structure,  large  round  or 
pyriform  cells  with  a  large  nucleolated  nucleus ;  and  three  orders  of 
nervous  filaments  may  be  perceived  in  them.  The  first  is  longi- 
tudinal, and  extends  over  the  dorsal  aspect  of  the  ganglia;  the 
second  is  also  longitudinal,  and  originates  from,  or  terminates  in, 
the  ganglia ;  the  third  is  transverse :  these  fibres  pass  round  the 
ganglionic  cells,  and  emerge  laterally :  they,  in  TalUrtu,  connect  the 
two  ganglions  of  each  pair  with  each  other,  and  in  all  Crustacea 
form  the  transverse  or  peripheral  nerves.  TaUirus  presents  ten 
pairs  of  nearly  equidistant  sub-abdominal  ganglions,  the  two  first 
and  the  two  last  being  most  approximated.  In  Cymothoa  {fig.  129.), 
a  species  in  which  the  tapering  terminal  segments  of  the  body  have 
begun  to  be  concentrated  by  longitudinal  approximation,  the  corre- 
sponding nervous  ganglions  at  the  posterior  part  of  the  abdominal 
chord  present  a  corresponding  change,  advancing  forwards  like 
the  caudal  part  of  the  spinal  column  in  the  metamorphosed  larva  of 
the  frog. 

In  the  higher  Crustacea,  with  a  thorax  covered  by  the  cephalic 
shield,  and  supporting  disproportionately  large  and  prehensile  anterior 
extremities,  the  thoracic  ganglia  exliibit  proportionate  increase  of  size, 
with  a  tendency  to  unite,  or  with  actual  confluence.  The  gan- 
glions of  each  lateral  abdominal  chord  have  now  more  completely 
coalesced  by  transverse  approximation.  In  Squilla  manHs^  the 
super-oBsophageal  ganglion  or  brain  sends  off  ^y^  nerves  on  each  side, 
those  to  the  long  antennsd  being  recurrent  in  their  course.  Stomato- 
gostric  nerves  arise  from  the  oesophageal  chords,  which  unite  below 
into  a  long  sub-cesophageal  ganglion,  apparently  formed  by  a  con- 
fluence of  three  originally  distinct  pairs.  This  is  succeeded  by  three 
other  ganglions  in  the  thorax,  supplying  three  pairs  of  thoracic  legs  ; 
and  there  are  six  ganglions  in  the  muscular  taiL  The  oesophageal 
chords  are  unusually  long  and  slender  in  the  transparent  Phyllosoma. 
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The  neurology  of  the  Crustacea  has  been  most  completely  lUiis* 
trated  in  those  apedes  which  are  covered  by  a  dense  insensible  crust. 
Succow^  in  1818|  and  Brandt,  in  1833,  published  excellent  de«!rip- 
tions  of  the  nervous  system  of  AMacus  JluviatiUs  {Jtg^  3.  p-  13.). 
The  cephalic  ganglion  sends  branches  to  the  eyes,  to  the  large  and 
siuall  antenrrfP,  to  the  antennal  sheaths,  and  to  the  organs  of  hearing^ 
A  nearly  straight  chord  is  continued  fiom  this  ganglion,  on  each  aid 
of  the  ccsophagua,  to  the  first  of  the  sub-abdominal  series, 
azygous  nerve  arises  from  the  middle  of  the  posterior  surtlace  of  tbd 
cephalic  ganglion,  and  passes  backwards  to  the  stomach,  where  it 
communicates  with  two  nerves  given  off  one  from  each  of  the  ( 
phageal  chords  to  supply  the  stomach.  The  sub- oesophageal  ganglion 
distributes  nerves  to  the  masticatory  organs  and  to  the  pharynx,  jusfl 
as  the  medulla  oblongata  sends  ofif  the  fifth  pair  and  glosso-pharyn- 
geal  in  the  vertebrate  animals.  The  second  to  the  sixth  thoraciQ 
ganglia  inclusive  supply  the  feet  and  gills  with  nervous  influence  | 
the  generative  organs  receive  long  filaments  from  the  fourth,  tKd 
fifth,  and  the  sixth  thoracic  ganglions.  The  ventral  or  sternal  artery^ 
descending  from  the  heart,  pusses  between  the  nervous  columns  at 
the  interspace  between  the  fourth  and  fifth  ganglions.  Six  ganglionfl 
are  developed  on  the  abdominal  chords,  which  are  continued  along 
tlie  muscular  tail :  the  la^t,  which  is  above  the  anus,  is  the  largest, 
and  radiates  the  nerves  to  the  terminal  swimming  plates  of  the  tail 
This  ia  probably  a  coalescence  of  the  originally  distinct  ganglions  ol 
the  sixth  and  seventh  segments  of  the  abdomen  or  taiU 

The  nervous  system  of  the  lobster  is  well  displayed  in  dissections^ 
by  John  Hunter*,  and  has  been  beautifully  illustrated  by  Mr.  Swan.' 
The  nerves  of  the  lobster  closely  correspond  with  those  of  the  fresh-' 
water  species,  or  craw-fish.  The  non-ganglbnic  tracts  are  shown  in 
ft  dissection  of  the  lobster  by  Mr.  Newport  J  ;  but  the  distinctions  of 
tlie  origins  of  the  nerves  from  the  dorsal  and  the  ventral  tracts  are^ j 
as  Mr.  Swan  remarks,  by  no  means  clear.  The  oesophageal  column  a 
are  united  in  both  species  of  jisiacm  by  a  transverse  commissural 
chord. 

In  the  prawn  {Palemon)  and  rock-lobster  (Palinurus\  the  thoracic 
ganglia  coalesce  to  form  a  long,  elliptical,  perforated  nervons  mass 
In  the  hermit-crab  {Paffurtis)^,  the  cephalic  ganglion  present^ 
a  transversely  quadrate  form,  and  sends  off  the  usual  nerves  to  thfl 
eyes,  the  ears,  and  the  antenna?.     The  lateral    oesophageal  chor 
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after  supplying  the  digestive  system  with  the  stomato-gastric  nerves, 
unite  below  to  form  the  ganglion  which  distributes  nerves  to  the 
maxillary  apparatus  and  pharynx.  This  is  succeeded  by  a  large 
oblong  ganglion,  situated  at  the  base  of  the  great  nippers,  and  of  the 
second  pair  of  feet,  both  of  which  pairs  it  supplies.  The  lateral 
chords  diverge  for  the  passage  of  the  artery,  re-unite  to  form  a  third 
thoracic  ganglion,  smaller  than  the  second,  supplying  the  third  pair 
of  thoracic  legs,  and  sending  off  three  pairs  of  nerves  posteriorly.  Of 
these  the  lateral  pair  goes  to  the  fourth  diminutive  pair  of  feet ;  the 
median  pair  supplies  the  fifth  pair  of  feet :  the  two  remaining  dorsal 
nerves,  which  are  of  minute  size,  form  the  continuations  of  the  ab- 
dominal chords,  and  pass  along  the  under  or  concave  side  of  the  soft, 
membranous,  and  highly  sensitive  abdomen  to  the  anus,  anterior  to 
which  the  last  small  ganglion  is  situated :  this  supplies  the  nerves  to 
the  muscles  of  the  caudal  plates,  here  converted  into  claspers,  and 
enabling  the  animal  to  adhere  to  the  columella  of  the  univalve  shell, 
which  it  may  have  selected  to  protect  that  portion  of  its  body  which 
nature  has  left  undefended  by  the  usual  dense  and  insensible  crusta- 
ceous  covering. 

Experiments  have  been  made,  and  repeated,  in  order  to  determine 
whether  the  ganglionic  portions  of  the  abdominal  chords  of  the 
Articulata  have  the  same  restricted  function  which  the  posterior 
roots  of  the  spinal  nerves  in  the  Vertebrata  have  been  proved  to 
possess.  With  respect  to  the  anatomical  grounds  which  were  first 
adduced  in  proof  of  this  correspondence  of  function,  they  are  in- 
validated by  the  fact  that  the  presence  of  ganglions  in  the  sensitive 
roots  of  the  spinal  nerves  is  not  their  constant  character. 

The  results  of  the  experiments  alluded  to,  though  somewhat  con- 
tradictory, are,  upon  the  whole,  as  might  have  been  anticipated, 
hostile  to  the  conclusions  founded  upon  a  partial  anatomical  analogy, 
A  more  extended  investigation  of  the  Comparative  Anatomy  of  the 
Nervous  System  has  remedied  the  imperfection  of  the  experimental 
inquiry,  has  supplied  the  answers  which  were  in  vain  attempted  to  be 
gained  by  mutilating  the  living  Crustacea,  and  has  brought  the  hypo- 
thesis in  question  to  the  test  of  deductions  which  may  be  legitimately 
drawn  from  those  surer  experiments  which  Nature  herself  has  left 
for  our  instruction  in  the  modification  of  the  crustaceous  type  of  struc- 
ture. We  have  here*  two  opposite  conditions  of  a  large  and  important 
part  of  the  trunk  of  two  nearly  allied  Crustacea.  In  the  lobster  (^'- 
tacus)  the  abdomen  or  tail  is  encased  in  a  series  of  calcareous  rings, 
forming  a  hard  and  insensible  chain  armour :  but  in  the  same  degree 
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m  ieniUiigr  m  Son,  oidtlliif  it  tifrirad;  «  gre^  proporffoo  ol 
mwCBkr  lyrtw  of  the  aofiwd  It  twiMiDtrated  in  the  tail,  w 
foTfOM  H»  mo«i  pcywerfyl  and  alin«»t  exidu^Te  orgmo  of  swuaii 
la  I  be  ht^wtaai'€rA{Fa^urui%  on  the  otli^r  hftiid,  tite  maieiiJmrij! 
is  ifmoftt  ainf^ei  ia  the  long  abdotaen ;  for  thiSi  in  fact,  tmksi 
ihnrn  in  Uie  f^icf^moitve  funetiona  of  the  body :  it  b  occupied  bj 
of  the  mltmf^ntmrf  amalf  &nd  bj  glaBdalar  orgsya^  i  the  ^nsibiltj 
tb«  external  Itit^ttmenl  ia  not  impaiFed  or  destroyed  bj  the  dq 
llciii  of  calcareouit  particle*  in  iti  dssoe  ;  hot  it  retains  the  necea 
faculty  of  testing  the  sntoofb  and  unirritattDg  condition  of  the  i 
iiuf«oe  nf  the  denertcd  theU.  which  the  animal  chooaes  for  its  ab 
mi  Quia  aectahula  are  developed  in  groupa  npon  this  sensitiirc 
tegument*,  lo  which*  al«o,  dfdieate  ciliated  processes  are  atta« 
Tfid  mojieulaf  iyitom  is  reduced  to  a  few  minute  fasciculi  of  fi 
regulating  thts  action  of  the  small  terminal  clampers,  liow,  if^  m 
been  eoi^ecturedf  the  ganglionic  enlargements  of  the  abdi^ 
eli^fdi  monopoliaec  the  sensorial  functions,  and  the  non^gangU 
tnw^ts  the  njolor  powers,  wo  ought  to  find  the  nerves,  which  m 
th«>  nMi<«c]f' A  of  a  tail  conitructr'd  almost  exclusively  for  locomotio 
he  ihirirr^d  from  non-gaugHotih^  iiolumns  ;  whibt  in  the  tail,  whi< 
»lm*mi  nw  eaduilvely  M^ntitivet  the  ganglions  ought  to  have  been] 
iiw]  niirrH*roim,  for  the  supply  of  nerves  to  the  integument, 
iK»nlrttry,  however^  ii  the  fact ;  six  well  developed  gangliona 
tribute  nerves  to  the  muscular  fibres  of  the  lobster's  tail ;  non- 
glionir'  f-ohininn  wup[jly  the  sensitive  tail  of  the  hermit-crab. 
gtuiKUrvri^  ]iittc«rtl,  IS  fifi'sent  in  the  Pngurus,  hut  both  its  sit  in 
ntiiJ  oIIUt  iiliki*  inilitjitt*  «^Hjnf*t  tlie  hypiithesis  of  its  special  sul 
viiUK-y  to  m^nsutitiri ;  it  ik  dyvoloped  upcni  tlie  end  of  the  smootl 
dornhnil  dutnlsi  and  nerjua  to  Imve  been  called  into  existence  ft 
to  rf*>£uhiln  the  wctiotiN  of  \hv  nuiscles  of  the  terminal  clasper 
whli'Ji  thfi  heiniit  keups  firm  hold  of  the  central  pillar  of  his 
rimM  ei^lh 

The  |n*pN^rwl  pm^rtflt  of  tlie  <1evelopment  of  the  nervous  eyste 
thu  Cru«tiH:'i/a  Imin  ht'i^n^  im  we  Imve  seen,  attended  with  incri 
•)r/%  tirti]  diintnihhcil  nuniheis  of  its  central  or  ganglionic  mi 
'n*fl  tlivi«ii'n«  of  f^fich  piiir  of  ^^anglia  first  coaksce  by  transi 
«|fpruiiimalion  :  dtMtimt  piiiiH  nf  gurrglia  npproxiniate  longitudii 
«Mj^dulit^  nn  II  wi  J  111  ihnn  bi  himl  forwurtla  i  confluent  grouf 
gBiwllA  nre  ne*t  found  in  definite  ]inrts  of  the  body,  as  on  the  th 
j^  tiutmi  »pi«t!iea  i¥hicli  hnve  npf'oitil  developments  und  uses  for 
*X**^t  U'gn,     In  Uio  crahr  In  ivldch  the  geneial  form  of  the 
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attains  most  colnpactness  {^fig.  ISL),  the  ventral  nervous  trunks 
are  concentrated  into  one  large  oval  ganglion  {g\  from  which  the 
nerves  radiate  to  all  parts  of  the  trunk,  the  legs,  and  the  short  tail. 

isi 


This  condition  of  the  nervous  system  has  been  described  by  Cuvier 
in  the  common  crab,  and  is  illustrated  by  Mr.  Swan's  dissections, 
from  which  his  beautiful  plates  have  been  taken.*  The  correspond- 
ing structure  of  the  nervous  system  is  also  well  displayed  by  Audouin 
and  Edwards  in  Maia.  An  analogous  concentration,  but  not  a 
homologous  one,  obtains  iu  Limulus,  Here  the  nervous  substance  is 
chiefly  massed  round  the  oesophagus,  the  fore  part  of  the  ring 
expanding  into  a  pair  of  ganglions  from  which  the  nerves  are  sent  off 
to  the  small  median  and  large  lateral  eyes :  the  nerves  to  the  latter 
are  of  great  length,  wind  round  the  anterior  apodemata,  and  bend 
back  to  their  termination,  breaking  up  into  a  fasciculus  of  minute 
filaments  before  penetrating  the  large  compound  eye.  Two  stomato- 
gastric  nerves  arise  from  the  upper  and  fore  part  of  the  ring.  From 
the  under  surface  of  the  fore  part  of  the  ring,  a  small  pair  of  nerves 
pass  to  the  first  short  pair  of  forcipated  jaw-feet :  five  large  nerves 
proceed  from  each  side  of  the  ring  to  the  five  succeeding  jaw-feet. 
A  pair  of  slender  nerves  pass  to  the  spiny-edged  lamelliform  appen- 
dage. The  posterior  part  of  the  nervous  ring  is  prolonged  backwards 
in  the  form  of  a  chord,  having  four  ganglionic  enlargements  on  its 
ventral  surface,  and  terminates  opposite  the  penultimate  postabdo*- 
minal  plate  in  a  fifth  slight  ganglionic  enlargement  which  bifurcates  : 
each  division  sends  off  a  few  nerves  as  it  proceeds  to  the  caudal 
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appenilage,  on  entering  which,  it  is  resolved  into  ft  plexus  or  kind  of 
**  ciiudtt  eqalna."  Besides  the  principal  nerves  abov^e  mentioned,  roanjn^ 
eumller  nerves  are  given  off  to  other  parts  of  the  bodj.  The  side 
of  the  great  oesophageal  ring  are  united  by  two  transverse  con 
inis9ura1  barid^  :  but  tlie  most  remarkable  feature  of  the  ncrvoi: 
axis  of  this  Crustacean  is  its  envelopment  by  an  arterial  trunk.  A 
pair  of  aortffi  from  the  fore  part  of  the  heart  arch  over  each  side 
the  stomach,  and  seem  to  terminate  by  intimately  blending  will 
the  sides  of  the  ojsophngeal  nervous  ring.  Tliey,  in  fact,  expand  upon, 
and  seem  to  form  its  neurilemma ;  a  fine  injection  thrown  into  tlieto.^ 
coats  the  whole  central  mass  of  the  nervous  system  with  its  red  colot] 
Such  is  the  condition  of  this  governing  part  of  the  organisation  ia 
the  most  gignntic  form  of  the  Entomostracous  tribe,  and  probably  iha 
only  existing  genus  from  which  we  may  derive  an  insight  into  th^ 
structure  of  the  extinct  Trilobitic  Crustaceans. 

Tliree  principal  divisions  of  the  nervous  system  of  the  Crustacea 
may  be  defined  according  to  their  probable  functions,     Thus^  ad- 
mitting, from  analogy,  that  the  super-oesophageal  ganglionic  centra 
(fifju.  129.  and  131.  e)  is  that   in  wliich  true  sensation  and  volitioii 
reside,  then  those  nervous  filaments  which  are  exclusively  connecte 
therewith,  and  some  of  which  would  seem  to  extend  the  whole  lengtl 
of  the  animal  along  the  dorsal  aspect  of  the  ganglionic  columns,  wil 
form  with  their  ganglionic  centre  the  true  sensori-volitional  system  j 
whiliit  any  other  ganglions  superadded   to  the   abdominal  coIumn%) 
wiih  the  nervous  filament:?  terminating  in  or  originating  from  them^ 
will  constitute  the  system  for  the  automatic  reception  and  redeetioaj 
of  stimuli*     The  stomato-gastric  nerves,  connected  partly  with  ihfl 
brain  and  partly  with  the  cesophagcal  columns,  will  farm  a  thirdl 
system  analogous  to  the  great  sympathetic  or  organic  nerves  of  tJiq 
Vertebrata.     In  these  views  I  coincide  with  the  accomplished  phyJ 
siologist,  Dr,  Carpenter,  believing  that  their  accuracy  and  soundnes* 
have  received  confirmation  from  the  facts  of  Comparative  Anatomy,! 
described   in   the    previous   pages,   and   whicli,    in   the    Hunterian 
Lectures  of  1842,  were  for  the  first  time  brought  to  bear  upon  Ihia 
interesting  problem. 

The  sense  of  touch  can  he  but  very  feebly  exercised  by  the  com- 
mon integument  of  the  Crustacea,  can  hardly,  indeed,  exist  except  in 
those  parts  of  the  surface  of  the  body  which  remain  soft  and  un- 
defended by  the  hard  crust,  such  as  the  joints  of  the  under  part  oC 
the  body,  and  the  surface  of  the  soA  tail  in  the  hermit  crabs.  Thfl 
fine  liaira  which  project  from  many  parts  of  the  integument  maj 
compensate  for  its  low  endowment  of  the  tactile  sense;  tlje  two  pair 
of  jointed  antenme  (./ri/*.  12H,  131.  a)  are  instiuments  fitted  for  th« 
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most  delicate  exploration;  and  the  smaller  but  Bimilar  organs  at- 
tached to  the  jaws,  and  called  palpi,  may  also  receive  some  impressions 
analogous  to  those  of  savour  or  smelL  The  Crustacea  have  no  true 
tongue,  but  the  sensations  of  the  membrane  lining  the  interior  of 
the  mouth  and  the  oesophagus  may  guide  them  in  the  selection 
which  they  make  of  objects  of  food. 

The  sense  of  smell  is  referred  to  a  shallow  excavation  in  the  basal 
joint  of  the  first  or  median  antenna,  which  opens  by  a  fissure  fringed 
by  fine  hairs  on  the  upper  surface  of  the  joint :  this  cavity  is  lined 
by  a  soft  membrane,  supplied  by  a  branch  of  the  internal  antennal 
nerve.  The  organ  is  well  described  and  figured  in  CCXXXV., 
pi.  9.  and  10.,  in  which  memoir  the  author  calls  attention  to  the 
presence  of  minute  grains  of  sand ;  and  these,  although  they  must 
enter  accidentally  into  the  cavity,  he  suggests  may  act  as  otolites^ 
surmising  the  cavities  in  the  small  antennas  to  be  acoustic  organs. 

The  sense  of  hearing  is  referred  by  most  authors  to  a  conical  pro- 
cess containing  a  cavity  with  a  round  orifice  closed  by  a  membrane, 
proceeding  from  the  first  joint  of  the  second  (external  and  larger) 
pair  of  antennas,  in  the  lobster  and  other  Macroura.  Behind  the 
process  there  is  continued  from  its  cavity  a  large  sac  filled  with  a 
clear  liquor :  a  nerve  arising  in  common  with  the  external  antennal 
nerve  is  spread  upon  the  delicate  walls  of  the  supposed  acoustic  sac 
In  most  of  the  Brachyura  the  membrane  is  stated  by  Dr.  Edwards  to 
be  replaced  by  a  small  moveable  calcareous  disc,  which  is  pierced 
with  a  small  oval  opening,  over  which  there  is  stretched  a  thin  and 
elastic  membrane.  The  external  opening  of  the  ear  is  closed  by  this 
bony  disc.  A  second  small  plate  is  so  situated  as  to  regulate  the 
tension  of  the  auditory  membrane^  whilst  the  rigid  stem  of  the 
antennae,  in  which  the  whole  organ  is  situated,  is  well  adapted  to 
render  the  auditory  vibrations  more  distinctly  perceptible.  These 
vibrations  are  conveyed  through  the  medium  of  a  vesicle  fiUed  with 
fiuid  to  a  branch  of  the  antennal  nerve  which  expands  in  the  vesicle. 

In  both  the  lobster  and  crab  a  tube,  filled  by  a  greenish  substance, 
is  concealed  in  the  lower  portion  of  the  shell,  and  communicates,  or 
is  in  close  contact  with,  the  membranous  sac.  This  structure,  and 
the  absence  of  otolites,  has  led  Farre  to  suggest  that  the  organ  may 
be  olfactory :  but  the  chief  parts  of  the  structure  bear  a  close  cor- 
respondence with  an  auditive  vesicle  and  a  tympanitic  membrane. 

With  respect  to  the  organ  of  vision,  we  find  in  the  class  Crustacea 
a  most  extensive  and  interesting  series  of  gradations,  leading  from 
the  simple  sessile  median  eye-speck  to  two  distinct  eyes,  provided 
with  all  the  essential  optical  apparatus  and  placed  upon  moveable 
peduncles.      Ocelli  or  stemmata  are  combined  with  compound  eyea 
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in  the  same  spedea  in  certain  Entomostracana*  as  Apus  and  LimuluMJ^ 

A  transparent  speck  of  the  integument   forms  the  cornea  of   th€ 
ocellus,   immediately  behind  which  thei-e  is  a  spherical  crystalline 
bodj  in  contact  with  a  gelatinous  or  vitreooa  humour,  upon  whic 
the  extrerait J  of  the  optic  nerve  expands :  a  layer  of  dark  pigmentun 
covers  all  tJiese  parts  with  the  exception  of  the  cornea.     In  the  com* 
pound  eyes  of  Daphnia^  the  smooth  undivided  cornea  protects  and 
transmits  the  rays  of  light  to  an  aggregation  of  small  ocelliy  each  ol_ 
which  is  lodged  in  a  pigmental  cell :  the  similarly  constructed  com-'^ 
pound  eye  of  the  active  little  Branchipus  is  supported  on  a  shor 
moveable  peduncle* 

The  large  lateral  compound  i^jes  of  the  Limulus  are  eeasile :  the^^ 
cornea  is  divided  into  a  conBiderablc  number  of  small  circular  facets, 
each  of  which  corresponds  to  an  ocellus ;  and  the  optic  nerve,  afterJ 
its  long  course  as  a  simple  chord,  divides  near  the  eye  into  a  pencil  i 
Ene  filaments,  which  severally  receive  the  impressions  from  their 
respective  ocelli,  of  the  aggregate  of  which  the  large  lateral  eye  i 
composed.     The  two  small  simple  median  eyes,  which  are  almoai  i 
contact,  command  the  space  before  the  head,  which  is  out  of  the  rang^ 
of  the  large  compound  eyes :  each  simple  eye  receives  its  distinct'^ 
nerve  from  the  anterior  apex  of  the  corresponding  cerebral  lobe. 

In  some  of  the  Trilobitcs,  the  cornea  presents  the  same  su1>div]de4 
surface  as  in  the  Liraulu^^  and  the  position  of  the  two  eyes  agrees 
with  that  of  the  corresponding  compound  pair  in  the  large  exlstlog 
Kntomostracan.  The  eyes  are  more  elevated  in  some  of  the  Trilobitea* 
aa  Pkacops,  In  Asaphus  candatus  the  cornea  is  divided  into  at 
least  400  compartments,  each  supporting  a  circular  prominence:  ital 
general  form  is  that  of  the  fi-ustum  of  a  cone  incomplete  towards  the  ' 
middle  line  of  the  head,  but  commanding  so  much  of  the  horizon  in 
other  directions,  that  where  the  distinct  vision  of  one  eye  ceaseSt  that 
of  the  other  begins. 

In  certain  Phi/llopodci  and  Amphipoda  a  common  cornea  covers 
numerous  closely  aggregated  simple  eyes,  consisting  each  of  a  py- 
riform  lens,  the  apex  of  which  is  sunk  in  a  black  or  brown  pigment.  I 
The  optic  nerve,  before  reaching  the  pigment,  divides  into  as  many 
branchei  as  there  are  lenses.     In  the  sessile  eyes  of  other  Edrioph*  ^ 
thalma,  a»,  for   example,  in   Serolk,  the  inner  layer  of  the  cornea  I 
is  divided  into  hexagonal  facets,  corresponding  with  the  number  of  J 
the  conical  crystalline  lenses  of  the  aggregate  eyes.     In  AmpltUhai\ 
this  has  been  regarded  as  a  second  distinct  cornea. 

In  the  man dibu late  Crustaceans,  distinguished  by  having  theirl 
compound  eyes  su[>ported  on  moveable  peduncles,  the  form  of  the  | 
corneal  facets  varies ;  they  are  square  in  the  lobster  and  river  craw- 
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fishy  hexagonal  in  the  hermit  and  common  crahs.  There  ia  a  conical 
crystalline  lens  behind  each  facet  imbedded  in  a  small  Titreons 
humour,  upon  which  the  optic  filament  expands,  and  each  ocellus  is 
lodged  in  a  pigmental  cell,  which  likewise  covers  the  bulb  of  the 
optic  nerve ;  the  cavity  containing  the  compound  eye  is  closed  behind 
by  a  membrane  continuous  with  the  inner  layer  of  epiderm,  and 
pierced  for  the  passage  of  the  optic  nerve  {Jig.  181.  e).  In  the 
podophthalmous  Crustacea  there  is  generally  a  spacious  furrow  or 
cavity,  in  which  the  eye  and  its  peduncle  can  be  lodged  and  protected, 
and  it  is  termed  the  orbit.  In  one  or  two  q>ecie%  e.  g.  Creiasimui 
ielescopieusy  the  eye-stalks  project  beyond  the  margins  of  the 
carapace.* 

(tee  of  the  most  valuable  and  interesting  results  of  the  study  of 
the  comparative  anatomy  of  the  eye  in  the  Crustacea  is  the  insight 
which  the  fossilised  remains  of  similarly  constructed  organs  of  vision 
in  the  extinct  Crustacea  have  given  into  the  state  of  the  world 
at  the  time  when  they  existed ;  and  I  cannot  better  conclude  the 
present  discourse  than  in  the  eloquent  language  of  the  geologist  who 
first  taught  the  value  of  the  evidence  in  question.  The  eyes  of  the 
Trilobites  of  the  transition  rocks,  and  those  of  thdr  nearest  congeners, 
the  fossil  Limuli  from  the  Carboniferous  seriesy  *'give  information,'' 
says  Dr.  Buckland,  '*  regarding  the  condition  of  the  ancient  sea  and 
ancient  atmosphere,  and  the  relations  of  both  Ihese  media  to  light,  at 
the  remote  period  when  the  earliest  marine  animals  were  furnished 
with  instruments  of  vision  in  which  the  minute  optical  adaptations 
were  the  same  that  impart  the  perception  of  light  to  Crustaceans  now 
living  at  the  bottom  of  the  sea. 

"With  respect  to  the  waters  wherein  the  Trilobites  maintained 
their  existence  throughout  the  entire  period  of  the  transition  formation, 
we  conclude  that  they  could  not  have  been  that  imaginary  turbid  and 
compound  chaotic  fluid,  from  the  precipitates  of  which  some  geologists 
have  supposed  the  materials  of  the  surface  of  the  earth  to  be  derived ; 
because  the  structure  of  the  eyes  of  these  animals  is  such,  that  any 
kind  of  fluid  in  which  they  could  have  been  sufficient  at  the  bottom, 
must  have  been  pure  and  transparent  enough  to  allow  the  passage  of 
light  to  organs  of  vision,  the  nature  of  which  is  so  fully  disclosed  by 
the  state  of  perfection  in  which  they  are  preserved.  With  regard  to 
the  atmosphere,  also,  we  infer  that  had  it  differed  materially  from  its 
actual  condition,  it  might  have  so  far  affected  the  rays  of  light,  that 
a  corresponding  difference  from  the  eyes  of  existing  Crustaceans 
would  have  been  found  in  the  organs  on  which  the  impressions  of 
such  rays  were  then  received. 

•  CCXXXVL,  p.  78.,  pL  xxiv.  fig.  I. 
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^B^mrding  ligbt  itself,  also,  we  leitrn,  from  the  resemblmnce  of 
these  most  ftncient  organisations  to  existing  ejes^  thai  the  mutual 
relfttioni  of  ligbt  to  the  eje,  and  of  the  eye  to  light,  were  the  same 
at  the  time  when  Crustaceans,  endowed  with  the  faculty  of  rision^ 
were  first  placed  at  the  bottom  of  the  primeval  seas,  aa  at  the  present 
moment. 

''  Thus  we  find  among  the  earlieM  organic  remains,  an  optical  in- 
strument of  most  curious  construction,  adapted  to  produce  Tiaion  of  a 
peculiar  kind,  in  the  then  existing  representatives  of  one  great  class 
in  the  articulated  division  of  the  Animal  Kingdom.  We  do  not  find 
this  instrument  passing  onwards,  as  it  were,  through  a  series  of  ex- 
perimental changes  from  more  simple  into  more  complex  forms;  it 
was  created  at  the  very  first,  in  the  fulness  of  perfect  adaptation  to 
the  uses  and  condition  of  the  class  of  creatures  to  which  this  kind  of 
eye  has  ever  been,  and  is  stilly  appropriate.*' 
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The  Limuli,  which  form  tlie  only  grnws  of  large  Crustaceans  repre- 
sented by  species  which  co- ex  is  ted  with  tbe  Trilohitcs,  differ  from  all 
other  living  Crustacea  in  their  organs  of  mastication,  wldt-h  are  the 
modified  basal  joints  of  the  five  posterior  pnirs  of  legj*:  the  first 
small  pair  serve  to  bring  the  objects  of  fiMxl  to  tlie  mouth ;  they  are 
supported  on  a  rudimcrital  lubrum,  an^l  have  th«?ir  busal  joint  sub- 
trenclmnt,  if  working  from  before  backward.  The  basal  joints  of 
the  four  folbwing  pairs  are  beset  with  spines,  and  act  as  **cardt*rs;" 
that  of  the  sixth  pair  is  hardt  subtrenchant,  and  works  from  bebind 
forward:  a  pair  of  subquadrate  compressed  plates,  with  spiny  bor- 
ders, working  in  the  same  direction  and  closing  the  mouth  below, 
may  represent  a  riidi mental  seventh  pair  of  limb»,  or  a  divided 
labium.  In  A$aphu»  piatj^cepitalus  Mr.  Stokes*  di8cov<?red  a  dis- 
tinct subcjuadratc  !abrum  deeply  emarginate  anteriorly ;  the  nearest 
approach  to  tliis,  the  only  known  part  of  the  trophi  of  the  Trilobiles, 
seems  to  be  made  by  the  entomostracoua  genus  ApuSy  in  which,  how- 
ever, the  hibrum  h  truncated.  A  few  ot  the  lowest  organised  Crus- 
tacea, m  Caligns,  Nt/mphm,  and  Pf/cnogonon,  obtain  their  aliment, 
like  the  Epizoa^  by  suction. 

•  Oeol  Trans.  N.  S.  toL  i.  pi.  27. 
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In  the  malacostracous  Crustacea  the  mouth  is  closed  bj  a  small 
and  simple  membranous  labrum  aboTe,  by  a  bifid  labium  below,  and 
by  a  pair  of  mandibles  and  maxilles  at  the  sides;  the  mandibles 
are  the  legs  or  jointed  appendages  of  the  fourth  cephalic  segment ; 
the  maxilles  are  the  same  appendages  of  the  fifth.  The  mandibles 
are  worked  by  large  muscles  arising  from  the  cephalo-thoraz :  their 
internal  border  is  hard  and  often  toothed ;  they  support  palpi.  The 
maxilles  are  weaker,  softer,  and  without  palpi.  In  the  common 
crab  you  will  observe  behind  and  exterior  to  the  maxilles  a  third 
pair  of  jaws,  which  have  their  principal  part  terminated  by  a  cutting 
edge,  and  are  without  palpi :  the  two  following  pairs  of  jaws  are  dis- 
tinguished by  their  articulated  feeler  or  palp  and  by  their  flabelliform 
appendages,  which  penetrate  into  the  interior  of  the  branchial  cavity; 
the  maxillary  plate  is  armed  with  teeth ;  the  sixth  and  last  pair  of 
jaws  has  the  maxillary  plate  so  much  expanded  as  to  cover  and 
protect  the  whole  oral  apparatus :  it  has  likewise  a  palp  and  flagellum 
articulated  to  its  base. .  All  the  foregoing  maxillary  organs  are 
modifications  of  entire  limbs,  which  are  thereby  translated  from  the 
locomotive  series  :  the  jointed  legs  so  metamorphosed  belong  to  the 
last  four  cephalic,  and  the  first  two  thoracic,  segments. 

The  alimentary  canal  is  most  simple  in  the  suctorial  Crustacea,  in 
which  it  presents  no  noticeable  difference  from  that  in  the  Epizoa ; 
the  hepatic  appendages  are  however  more  localised  and  better  de- 
veloped. 

In  the  Limulus  the  mouth  is  situated  nearly  in  the  centre  of  the 
inferior  surface  of  the  great  cephalo-thoracic  segment ;  the  oesophagus 
is  continued  from  it  in  a  very  unusual  course  forwards,  and  expands 
into  a  stomach,  which  is  situated  at  the  anterior  part  of  the  head. 
This  organ  is  abruptly  bent  upon  itself  upwards  and  backwards^ 
and  is  continued  by  a  gradual  diminution  of  diameter,  as  appears 
upon  an  external  view,  into  the  intestine,  which  passes  backwards 
with  a  slight  vertical  bend  to  the  base  of  the  penultimate  -abdominal 
segment.  When  we  examine  the  interior  of  the  alimentary  tract,  the 
distinction  between  the  stomach  and  intestine  is  effected,  as  Yan  der 
Hoeven  has  shown,  by  a  conical  valvular  pylorus,  which  projects 
into  the  commencement  of  the  intestine.  The  stomach  is  lined  by 
a  very  dense  and  corrugated  horny  membrane.  The  hepatic  mass, 
composed  of  contorted  slender  caeca,  which,  with  the  generative 
glands,  fills  the  greater  part  of  the  cephalo-thoracic  cavity  and  also 
extends  into  the  abdomen,  pours  its  secretion  into  the  commencement 
of  the  intestine  by  two  ducts  on  each  side.* 

Amongst  the  smaller  Entomostraca  Lynceus  departs  most  from 
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llie  oommoii  simple  type  of  the  intestine  in  Crastacea,  by  baving  that 
ea&al  dlapoaed  in  one  or  two  spiral  ooilB.  In  the  Stoma  pods  or 
Squilks  the  stomach  bends  forwards  in  advance  of  the  cardiac  orifice ; 
ft  biHU-ticulate  plate  extends  from  that  orifice  backwards  through  the 
pjlorua  into  the  intestine,  and  r^olatefi  the  passage  of  the  alimentary 
aobatances  into  tliat  tube ;  they  are  previously  subjected  to  the  action 
of  four  lateral  dentated  pyloric  processes. 

In  the  higher  Crustacea  the  stomach  {Jig*  132,  ^)  is  of  a  globular 
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form,  more  capacious  than  in  the  Limulus^  and  its  walls  are  connectt^d 
with  a  calcareous  frame-work  supporting  dense  tubercles,  which 
project  into  the  interior  of  the  stomach  around  the  pylorus,  and  are 
so  situated  and  moved  with  re  Lit  ion  to  each  other  as  to  divide  and 
bruise  the  alimentary  matters  before  they  pass  into  the  intestine.  In 
the  common  lobster  these  giistric  teeth  are  three  in  number,  the  middle 
one  serving  as  a  kind  of  anvil  upon  whicli  the  two  larger  lutenil  pieces 
work-*  This  complex  kitid  of  ^ixzard  is  son^'times  found  to  be  everted 
and  protruded  from  the  month,  the  gastric  teeth  being  then  external, 
like  those  of  the  anterior  muscular  segment  or  proboscis  of  the  alimen- 
tary canal  in  the  Anellides*  The  inner  tunic  of  the  stomach  is  com- 
posed of  chitine,  and  is  beset  with  groups  of  hair-like  processes  in  most 
Decapoda* 

TIjc  intestine  in  almost  all  Crustacea  is  continued  to  the  vent  with- 
ont  convolutions ;  a  terminal  portion,  or  rectum,  is  sometimes,  as  in 
the  lobster,  indicated  by  a  slight  circular  valve ;  the  vent  is  situated 
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beneath  the  terminal  segment  of  the  abdomen^  anterior  to  its  appended 
swimming  plates  in  the  Macroura,  which  would  indicate  that  the  long 
sword-shaped  appendage  of  the  Xiphosura  was  not  the  homologue  of 
the  post-abdomen,  but  of  its  last  joint  in  the  Macroura. 

The  liver  is  a  considerable  organ  in  all  the  Crustacea ;  it  makes  its 
appearance  in  the  inferior  specico  as  so  manj  cascal  prolongations  of 
the  intestine,  continued  from  many  points,  according  to  the  primitive 
form  which  it  presents  in  the  Aphrodita.  The  biliary  csdca  extend 
even  into  the  limbs  in  the  Njmphons.  In  the  Stomapods  the  biliary 
caeca,  continued  ten  or  eleven  in  number  at  equidistant  points  from 
each  side  of  the  intestine,  are  more  ramified,  and  are  confined  to  the 
thoracic-abdominal  cavity,  where  they  penetrate  the  interspaces  of 
the  muscles.* 

In  the  Decapod  Crustacea  the  liver  {fig.  132,  /)  consists  of  two 
symmetrical  halves,  communicating  by  distinct  ducts  with  the  in- 
testine ;  each  half  consists  of  numerous  lobes,  which,  in  the  larger 
Macroura  and  Brachyura,  are  leaf-shaped,  and  composed  of  straight 
tubular  caeca,  arranged  obliquely  to  a  median  canal,  which  forms,  as  it 
were,  the  leaf-stalk.  In  some  species  one  or  two  pairs  of  long  slender 
and  simple  tubuli  likewise  communicate  with  the  intestine.  The  bile 
is  acid  in  the  Crawfish  {Astacus  JluviatUis). 

In  many  Crustacea  the  digestive  canal  is  surrounded  by  cells  filled 
by  an  oily  or  fatty  matter  of  a  yellow  or  blue  colour :  they  may  be 
compared  to  an  omentum,  and  probably  serve  as  a  store  of  nutriment, 
to  be  drawn  upon  during  the  moult,  or  when  food  is  scarce. 

No  other  vessels  are  yet  known  to  convey  the  chyle  or  nutrient 
fiuid  to  the  circulating  system  than  the  irregular  venous  receptacles 
which  are  in  contact  with  the  parietes  of  the  intestine.  Almost  the 
whole  venous  system  presents  the  form  of  wide  flattened  sinuses,  and 
oifers  an  intermediate  condition  between  that  in  the  Nereids  and  the 
generally  diffused  state  of  the  venous  blood  through  all  the  cellular 
interspaces  of  the  body  in  the  class  of  insects.  Through  these 
sinuses,  however,  the  blood  flows  in  a  constant  and  definite  course. 

The  numerous  experiments  of  Audouin  and  Milne  Edwards  f  on 
the  circulation  of  the  Crustacea,  and  the  apparently  favourable  cir- 
cumstances under  which  they  were  made,  have  very  generally  been 
regarded  as  conclusive  of  the  accuracy  of  their  explanation  of  that 
important  function  in  the  present  class.  According  to  these  physio- 
logists no  other  than  the  two  great  branchial  veins  terminate  in  the 
heart,  and,  consequently,  only  pure  aerated  or  arterial  blood  is  pro- 
pelled by  it  over  the  general  system :  the  circulation  is  the  same  as 

*  Duvernoj,  Anoales  des  Sciences,  vi.  p.  243. 
t  Hist  Nat  des  CrusUc^.     IS29. 
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in  the  Gasteropodons  Mollusca :  the  Tentricle  is  exclusivelj  eysteinic 
and  is  provided  with  only  two  venous  aporiures.    Four  such  aperture 
are  described  and  figured  by  Dr.  Lund  on  the  dorsal  surface  of  the 
hcArt,  but  these  are  regarded  by  Audouin  and  Edwards  as  de|>res« 
Bions  merely  between  the  muscular  fasciculi,  having  no  commimica- 
tioo  with  the  ventricular  cavity, 

I  have  tested  the  conflicting  evidence  of  these  obserTera  by  disaeo* 
tioQ  of  the  heart  in  the  lobster  ;  and  yoii  will  [»erceive  by  this  prepa- 
ratioo>  that  it  is  more  complicated  than  even  the  Danish  Natur<diBt 
supposed,  and  fully  bears  out  the  opinion  of  Hunter  in  regard  to  the 
mixed  nature  of  the  circulation  in  the  Crustacea, 

Fig.  133.  shows  the  heart  laid  open  on  the  ventral  aspect:  hy  ex- 
posing    its    cavity   from    iliis   side,  it   waa 
133    '  ^\11../*^  readily    determined   whether    the    extcriorJ 

depression  on  the  dorsal  surface  did  or  did  ' 
pot  lead  into  the  cavity.  On  either  side  of 
the  anterior  depression  from  which  the  J 
ophthalmic  (J)  and  the  antenoal  (g)  arte*l 
ries  arise,  there  is  a  hirge  oblique  dssurevl 
guarded  by  a  pair  of  eeiniUmar  valves*  Thai 
vein,  wliich  terminates  by  each  of  thede, 
orifices^  is  jin  extended,  irregular,  and  ex- J 
tremely  flattened  sinus,  lying  above  thel 
heart,  and  between  it  and  the  lining  mem-l 
braiie  of  the  sliell,  communicating  anteriorlyl 
with  A  similar  broad  irregular  flattened  sinus,  which  occupies  a  simi- 
lar situation  above  the  stomach,  and  receiving  posteriorly  the  bto 
from  a  series  of  flat  and  expanded  sinuses  which  correspond  to  each 
segment  of  the  li»iL  There  are  two  similar  openings  at  the  sides  of  tlie^ 
ventricle,  posterior  to  the  preceding,  which  conduct  the  blood  from  la- 
teral sinuses  into  the  heart:  these  orifices,  indicated  by  the  bristles, 
(c,  c),  have  each  a  pair  of  semilunar  valves.  The  arterial  blood,  re-l 
turned  from  the  bianrlnie,  enters  the  heart  by  the  large  oritices  on  the! 
sides  of  the  ventral  ai^pect(V/,  d)^  regurgitation  being  likewise  pr*.^ventedl 
by  two  semilunar  valves  at  each  orifice.  The  muscular  fasciculi  of  th€ 
ventricle  are  so  arranged  as  to  leave  tplerably  distinct  chambers  fori 
each  series  of  arterial  orillces.  The  strongest  bands  or  columns  are  J 
transverse,  andilorsadof  the  branchial  apertures:  anterior  to  these  iai 
u  chamber  receiving  the  carbonized  blood  from  the  two  anterior  dorsal! 
apertures;  it  is  partially  divided,  ihe  upper  chamber  giving  off  (/)  thai 
ophthalnuCp  and  (g)  the  antennal  arteries.     The  lower  chamber  seniM 
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off  (ky  k)  the  hepatic  arteries.  The  larger  postierior  chamber  receives 
the  two  lateral  venous  apertures,  and  gives  off  (h)  the  superior  caudal 
arterj,  and  (t)  the  sternal  artery,  which  is  the  chief  vessel,  and  the 
only  one  which  has  a  pair  of  semilunar  valves  at  its  origin. 

A  portion  only  of  the  ordinary  venous  blood  is  returned  directly 
by  the  four  valvular  orifices  just  described.  The  blood  is  returned 
from  the  maxillae  and  legs  to  a  series  of  inferior  lateral  sinuses  at  the 
bases  of  the  branchiae ;  from  these  sinuses  it  passes,  by  vessels  per- 
forming the  office  of  branchial  arteries,  along  the  outer  margin  of  the 
gill,  and  after  being  distributed  over  the  branchial  lamellae,  is  collected 
into  the  vein  along  the  inner  margin  of  the  gill,  and  by  the  union  of 
the  branchial  veins  into  one  trunk,  on  each  side,  is  poured  into  the 
ventricle  by  the  two  orifices  on  its  under  surface  (cf,  d). 

We  may  trace  in  the  heart  of  the  Crustacea  a  gradational  series  of 
forms,  from  the  elongated  median  dorsal  vessel  of  the  Limulus,  to  the 
short,  broad,  and  compact  muscular  ventricle  in  the  lobster  and  the 
crab  (Jig.  132,  f).  In  all  the  Crustacea,  as  in  all  the  other  articulate 
animal?,  the  heart  is  situated  immediately  beneath  the  skin  of  the 
back,  above  the  intestinal  tube,  and  is  retained  in  situ  by  lateral 
pyramidal  muscles  (^g.  133,  a,  a).  In  the  Entomostraca,  and  in  the 
lower,  elongated,  slender,  many-jointed  species  of  the  Edriophthalmous 
Crustacea,  the  heart  presents  its  vasiform  character :  it  is  broadest 
and  most  compact  in  the  crab. 

In  this  series  we  may  trace  a  general  correspondence  in  the  pro- 
gressive development  of  the  vascular  as  of  the  nervous  system,  con-* 
comitant  with  the  concentration  of  the  external  segments,  and  the 
progressive  compactness  in  the  form  of  the  entire  body^  But  there 
is  a  remarkable  exception  to  this  concomitant  progress  in  the  Limulus, 
indicative,  with  the  general  condition  of  the  instruments  of  locomo- 
tion and  respiration,  of  the  essentially  inferior  grade  of  organisation 
of  that  genus,  which^  as  has  already  been  observed,  seems  to  be  the 
last  remnant  of  the  once  extensive  group  of  Trilobitic  Crustacea, 
which  swarmed  in  the  seas  of  the  ancient  secondary  periods  of  the 
earth's  history. 

We  have  seen  in  the  compact  and  broad  existing  representative  of 
those  extinct  gigantic  Entomostracans,  that  the  nervous  system  ex- 
hibits a  concentration  of  its  principal  central  mass  around  the  mouth, 
but  with  a  ganglionic  double  cord  continuing  from  it.  The  heart, 
however,  is  far  from  presenting  a  corresponding  degree  of  concentra- 
tion ;  it  remains  an  elongated  fusiform  tube,  extending  parallel  with 
the  intestine  from  the  pylorus  to  the  rectum,  like  that  of  the  SguUke  : 
in  Limulusj  it  is  contained  in  a  pericardium  with  thin  membranous 
walls,  formed  by  the  central  sinus  of  the  venous  systemi  and  it  receives 
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the  blood  from  that  ainus  and  from  tlie  branchial  veins  hj  a  serisi  i 
from  seven  to  ten  lateral  vortioU  slits,  defended  hy  valvea  ns  in  tl 
tligher  Crustacea,*  An  ftortic  trunk  proceeds  from  each  extremity 
of  this  heart.  The  anterior  aorta  is  the  largest,  &nd  immediately 
divides  into  three  branches.  The  middle  and  smallest  branch  |>a«sea 
forwards  to  the  anterior  edge  of  the  cephalic  shield,  following  ih 
curve  of  its  middle  line,  and  supplying  the  small  median  ocelli  in  ici 
course.  The  two  larger  lateral  branches  form  arches  which  ciirv 
down  the  side  of  the  stomach  and  the  oE^ophagus,  giving  branches  i 
both  those  parts  and  to  the  intestine,  and  becoming  intimately  unite 
with  the  neurilemma  of  the  ccaophageal  nervous  collar.  They  uniti 
at  the  postt^rior  part  of  that  collar,  and  form  a  single  vessel,  wbic 
accompanies  the  abdominal  nervous  ganglionic  chord  to  its  posteriori 
bifurcation,  where  the  vessel  ^ain  divides.  Throughout  all  this  cour 
the  arterial  is  so  closely  connected  with  the  nervous  system  as  to  b«~^ 
scarcely  separable  or  distinguishable  from  it  The  branches  of  the 
arterial  atjd  nervous  trunks  which  accompany  each  other  may 
defined  and  studied  apart*  The  posterior  aorta  is  chiefly  destined 
for  the  supply  of  the  sword-like  tail  of  the  Limulus  :  the  first  part  of 
its  course  is  wuvy^  to  adiipt  it  to  the  strong  inflections  of  that  appen 
dage.  The  aerated  is  mixed  with  the  venous  blood  in  the  heart,  and 
is  propelled  in  that  mixed  condition  throughout  the  body  in  the 
Limulus,  as  in  the  lobater. 

The  respiratory  organs  in  the  Crustacea  are  eaaentially  appendage 
to  the  basal  articulations  of  a  certain  number  of  the  feet,  and  are 
originally  developed  from  the  tlabelliform  appendage,  although  tliey 
ultimately  become  entirely  distinct  from  the  extremities  in  the  higher 
Crustacea* 

The  Branchiopods  are  so  called  because  their  fins  or  feet  present 
the  form  of  simple  plates  or  flattened  vesicles,  which  float  in  the 
surrounding  fluid,  and  expose  the  blood  to  the  oxygen  which  the 
water  contains.  The  branchia  are  appended  to  the  thoracic  limbai, 
in  the  form  of  membranous  plate**,  in  the  Amphipotla  ;  and  to  the 
abdominal  limbs,  as  subdivided  lamellse,  in  the  Jsopoda :  the 
branchial  plates  expand  into  vesicles  attached  to  the  thoracic  fee 
in  the  Loimodipoda,  In  the  Siomapoda,  the  respiratory  plates  i 
also  external,  and  are  appendages  of  distinct  locomotive  organs,  andl 
each  plate  is  divided  into  a  series  of  small  Ulaments  or  tubes;  so  aa 
to  resemble  a  broad  feather;  their  position  is  abdominaL  Similarly 
formed  external  gills  are  appended  to  the  thoracic  segments  in  the 
Thtfsanopoda. 


Viiu  tkr  Hoe  veil,  loc.  cit.  pi  2.  fig,  d. 
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In  Limulus  the  two  outer  thirds  of  the  posterior  surface  of  the 
basilar  joint  of  the  abdominal  prolegs  are  occupied  bj  a  great  gill 
formed  of  a  number  (1 30—150)  of  folds  of  skin,  disposed  transversely 
and  piled  on  one  another  like  the  leaves  of  a  book :  thej  adhere 
throughout  the  length  of  their  base  or  anterior  border,  are  elsewhere 
free,  are  semicircular  or  triangular,  with  curved  borders,  and 
increase  in  size  from  the  upper  end  of  the  branchia  to  its  base,  so  as 
to  give  this  last  the  form  of  a  pyramid.  The  free  edge  of  each  leaf 
is  rounded,  and  furnished  with  a  horny  band  destined  to  sustain  it, 
and  fringed  with  cilia :  elsewhere  the  gill  is  membranous. 

In  the  lobster  and  crab  tribes  the  branchias  are  protected  by  the 
carapace,  and  are  lodged  in  lateral  recesses  {Jig.  132,  h)  formed  by 
the  apodemata  of  the  thoracic  segments.  These  branchial  recesses 
are  parts  of  a  common  cavity,  lined  by  an  internal  fold  of  the 
tegumentary  membrane,  and  having  two  apertures  of  communication 
with  the  surrounding  medium.  The  posterior  aperture  lets  in  the 
water,  which,  traversing  the  branchial  cavity,  escapes  by  the  one  in 
front.  In  the  crabs  the  entry  is  a  cleft  in  front  of  the  base  of  the 
chelffi  or  forceps-claw,  and  is  so  placed  in  reference  to  the  prolonged 
base  of  that  limb  as  to  be  closed  or  opened  at  the  will  of  the  animal. 
In  the  lobster  and  other  Macroura,  the  entry  to  the  branchial 
chamber  is  an  extended  fissure.  The  efferent  passage  from  the 
branchial  cavity  passes  over  the  lateral  portions  of  the  palate  or 
prelabial  area.  In  the  Leucosia  group  it  passes  over  the  median 
portion  of  the  palate. 

The  dynamical  part  of  the  respiratory  functions  is  performed  by 
the  lamelliform  appendages  of  the  second  pair  of  jaws,  which  are  so 
situated  in  regard  to  the  outlets  of  the  branchial  chambers  as  to  drive 
out  a  certain  quantity  of  the  water  which  has  been  admitted  into  the 
chamber.*  The  loss  of  the  foul  water  necessitates  the  entry  of  fresh 
water  by  the  inferent  orifices ;  the  respiratory  cavity  being  neither 
capable  of  expansion  nor  contraction.  The  mode  of  breathing  in 
the  crypto-branchiate  or  decapod  Crustacea  is  thus  the  reverse  of 
that  in  the  Batrachia,  in  which  the  dynamical  mechanism  serves 
only  to  draw  in  the  respiratory  medium  in  successive  quantities. 
In  the  higher  vertebrata  the  thorax  is  so  constructed  as  to  execute 
acts  both  of  inspiration  and  expiration. 

The  branchiae  in  the  decapod  Crustacea  (Jig.  132,  ^,  n)  are  in  the 
form  of  long  and  slender  quadrangular  pyramids,  and  consist  of  either 
numerous  thin  plates,  or  minute  cylinders  closely  arranged  perpen- 
dicular  to   the  axis   of  the  pyramid.     There  are   nine  branchiiil 

*  Milne  Edwards,  Annales  des  Sciences  Nat  torn.  ;u* 
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pyramids  on  each  sidt;  in  the  crabs,  two  being  rudlmental  «nd  se 
forming  the  exterior  of  the  pyramid  in  Cancroids  and  Maioids ;  ba0 
the  number  is  more  variable,  and  usually  greater,  in  the  Macroara 
amounting  to  twenty- two  in  tbe  lobster.     In  both  Brachyura  anil" 
Macroura   slender  appendages  called    ^'flabellae"  (Jig,  132,  m)  are 
adapted   to  sweep  over  tbe   surface  of  the  branchiae  and  free  them 
from  foreign  particles:  in  the  hermit-crabs   and   other   Anomour 
this   office   is   performed  by  the  fifth  pair  of  legs,   which   can  b6 
inserted  for  that  purpose  iuto  the  branchial  chamber,  tbe  carapace 
being  raised  to  admit  them-     By  this  elevation  nf  tbe  carapace  mf 
large  quantity  of  water  can  be  admitted  to  the  branchicc  ;  a  membrane] 
connecting   the   carapace   with    tbe    inner   walls   of   the   branchi 
ehamber  and  extending  along  the  anterior  edge  of  the  first  abdominall 
ring,  precludes  the  admission  of  water  into  the  cavity  occupieii  by 
the  thoracic  viscera. 

So  far  as  the  gills  are  attached  to  the  bases  of  the  ambulatory  orl 
natatory  legs,  they  must  be  influenced  by  their  movements;  and  thel 
more  acti^^e  the  progress  of  the  Crustacean,  the  more  briskly  will  ttl 
breathe  ;  and^  since  the  muscular  energy  directly  depends  upon  th< 
iimoiint  of  respiration,  the  two  functions  are  brought  into  dirocl: 
relation  with  each  other  by  this  simple  connection  of  their  respectlvt)! 
instruments* 

The  land-crabs  have  their  branchijB  always  supported  by  waterl 
tlirough  special   modiiicutions   of    the  apertures  of    the   branchial 
cavities,  which  enable  them  the  better  to  retain  fluid,  and  also  by 
Dumerous  folds  or  by  a  spongy  structure  of  the  lining  membrane  of 
the  respiratory  cavity  by  which  the  quantity  of  the  cx>ntained  fluid 
may   be    augmented.      The    moisture   contained   in    the   branchial, 
ehambers  of  the  land-crabs  {Gecarcinus)  and  tree-crabs  (Birffta)  is  I 
doubtless  much  more  highly  aerated  than  the  water  which  bathes  timi 
branchiiB  of  the  strictly  aquatic  speciesj   and  thus  may  explain  thel 
fact  that    the    Crustacea   which    habitually  live   out   of  water  are| 
drowned  by  being  long  immersed  in  that  fluid. 

No  other  trace  of  distinct  excretory  organs  has  hitherto  been. 
detected  in  the  present  class  than  the  simple,  unbranched,  long,  Rn^l 
slender  tubes  which  open  into  the  intt^stinal  canal  of  some  of  thel 
higher  Crustacea.  Swammerdam**  figures  one  such  tube  openingl 
at  the  hinder  end  of  the  intestine  in  Pagurus.  In  Maia  ihera 
are  three  such  tubes ;  two  inserted  on  each  side  of  the  pyloru«»  an^l 
a  third  a  little  further  behind.  These  may  be  uriniferous  tubes,  ]ikd| 
the  corresponding  parts  in  certain  insects  and  spiders. 
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Tenacity  of  life  in  the  Crustacea  appears  not  to  be  enjoyed  in  any 
unusual  degree :  but  some  species,  as  the  Ariemia  saUnOy  can  exist 
in  hot  and  strong  brine,  which  would  quickly  destroy  most  other 
animals.  This  shrimp  abounds  in  the  brine-pans  of  the  Lymington 
salt-works. 

Like  other  Articulata  subject  to  periodical  ecdysis,  the  Crustacea 
have  the  power  of  reproducing  lost  extremities.  If  a  leg  be  frac- 
tured across  one  of  its  segments,  it  is  cast  off  by  a  violent  muscu- 
lar effort :  if  the  Crustacean  have  not  the  power  of  thus  ridding 
itself  of  the  wounded  member,  it  usually  dies  from  the  haemorrhage  ; 
otherwise  this  is  immediately  arrested  by  the  contraction  of  tlie 
lacerated  part  of  the  joint  where  the  limb  is  cast  off  with  least  dif- 
ficulty and  pain.  The  pre-arranged  place  of  easiest  and  safest  sepa- 
ration is  close  to  the  basal  end  of  the  first  joint,  along  a  transverse 
ciliated  groove.  This  joint  is  filled  by  a  mass  of  nucleated  cells, 
surrounded  by  a  vascular  band.  The  vessels  of  the  band  pass  half  an 
inch  beyond  it,  and  return  upon  themselves  forming  loops.  The 
reproductive  cells  multiply  after  the  loss  of  the  limb,  and  form  five 
masses,  which  are  the  rudiments  of  the  five  joints  of  the  future 
limb :  this,  in  the  crab,  is  folded  at  the  first  joints  but  is  extended  in 
the  lobster :  in  both  it  is  enveloped  in  a  sac  or  dilated  cicatrix,  which 
the  young  limb,  as  it  grows,  bursts ;  and  it  then  resembles  in  minia- 
ture the  limb  which  it  is  destined  to  replace :  its  growth  is  slow  until 
the  period  of  the  moult,  when,  if  the  animal  be  in  vigorous  health, 
the  new  member  rapidly  acquires  its  normal  size. 

Generation  of  the  Crustacea. — With  regard  to  some  of  the  smaller 
Entomostraca,  only  the  females  have  hitherto  been  discovered  ;  and 
some  naturalists  have  endeavoured,  as  in  the  case  of  the  AphideSy  to 
solve  the  phenomena  of  parthenogenesis  in  such  Entomostraca  by 
alleged  gynandrism.  Thus,  in  the  genus  Apus^  the  lamelliform 
respiratory  sacs  which,  after  death,  get  distended  with  blood,  as 
Siebold  has  shown*,  were  described  by  Berthold  to  be  the  testes  co- 
existing with  ovaria,  which  are  large  and  conspicuous.  Again^  in 
the  genus  Cypris^  Straus-Durkheim  t  points  out,  in  addition  to  the 
ovaria,  a  pair  of  sacculi  at  the  fore-part  of  the  stomacl| ;  but,  with  his 
usual  philosophic  caution,  doubtfully  alludes  to  their  nature  as  either 
testes  or  salivary  glands :  they  appear  to  me  to  be  homologous  with 
the  caeca  in  the  Daphnia,  which  most  comparative  anatomists  have 
agreed  in  determining  to  be  the  liver ;  there  is  no  other  part  that 
could  be  mistaken  for  a  male  organ. 

In  the  genus  Daphnia  the  males  are   well    known ;   they  are 
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always  stxialleT  than  the  feraale,  but  have  longer  and  larger  an  tent 
MiilW  deemed  these  antennae   to  be  themselves  the  male  organs;^ 
thej  are,  however,  only  accessories,  like  the  claspers  in  the  sharks, 
being  provided  with  a  hooked  claw  for  holding  on,     Strauss  pointa 
OOt  a  modification  of  the  lateral  borders  of  the  shell,  and  guggestsJ 
that  thereby  the  valvea  of  the  fenjale*a  shell  are  divaricated,  and  the  I 
sperm  ejected  into  their  inter- space.     The  ovaria  are  simple  cancan 
tubes,  coiled  eubspirally,  one  on  exbch  side  the  hinder  half  of  thai 
abdomen*     Several  groups  of  ova  are  successively  hatched  within  the 
bivalve  shell,  and  the  young  are  excluded  during  the  spring  and 
summer;  these  young   ones  propagating  in  a  similar  way»  without 
fresh  impregnation  :  the  males  do  not  appear  until  the  autumn,  and 
the  ova  which  are  then  impregnated  are  retained  in  peculiar  ree^p- I 
tacles  throughout  the  winter  months,  and  are  hatched  in  the  following 
spring. 

In  autumn  an  opake  layer  is  developed  on  the  inner  surface  of  the 
common  incubating  cavity,  winch  liardens  in  two  pieces  like  a  small 
bivalve-shell,  with  their  concave  opposed  inner  surfaces  forming  a  I 
special  cavity  when  the  valves  are  closed  j  this  is  called  the  **ephip-| 
piuro/  or  saddle,  being  placed  on  the  dorsal  surface  of  tlie  Daphnia^  [ 
but  beneath  the  common  shelL      Between  the  valves  of  the  epbip-f 
pium  is  formed  a  similar  but  smaller  apparatus,  attached  only  to  the 
dorsal  symphysis  or  hinge  of  the  carapace,  which  also  aflecta  the  form 
of  a  small  bivalve  shell  t  this  is  the  "internal  ephippium  :*'  it  in-j 
eludes,  also,  two  bivalve  capsules,  in  each  of  which  an  egg  is  lodged^ 
which  remains  in  the  passive  state  through  the  winter. 

If  the  mother  have  strength  to  undergo  a  moult  after  thr-  formattoa  I 
of  the  winter  nest,  tins  is  cast  off  with  her  outer  skin,  which  remains! 
with  the  ephippial  apparatus,  protecting  the  eggs  during  the  winter. 
They  are  hatched  by  tlie  early  warmth  of  spring,  and  produce  only] 
females,  which,  after  moulting  thi'ce  times,  exclude  a  batch  of  dva«  ^ 
Now,  if  these  be  insulated,  a  successive  production  of  fertile  females 
may  be   observed   to   the    sixth    generation.     But   the    germ^cella 
retained  unchanged  in  the  developing  Daphnia  acquire  the  superad- 
ded yelk  and  chorion   of  an  ovum,  from  which  the  young  are  ex- 
cluded*    Tlie  males  are  a  later  production,  and  the  winter  eggs  are 
always  the  products  of  impregnation. 

In  the  mule  Cyclops  the  right  antenna  is  peculiarly  thickened  and 
jointed  a  little  beyond  its  middle,  so  as  to  permit  it  to  he  bent  upon 
itself.  With  this  organ  the  mole  seizes  the  female,  and  then  grasps 
the  base  of  tier  tail  by  the  great  book  of  his  hindmost  pair  of  feet. 
After  a  slight  resistance,  she  is  quiet,  and  both  gradually  sink  to  the  I 
bottom.     A  cylindrical  tube,    tilled    with    sperm,  escapes  from  thej 
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orifice  of  the  male  organ,  and  he  seizes  the  tube  as  soon  as  it  has 
escaped,  and  glues  it  to  the  abdomen  of  the  female  above  the  vulva. 
No  female  has  this  tube  prior  to  the  coitus,  and  none  is  without  it 
afterwards.  A  male  fit  for  coitus  always  has  this  tube  or  spermato- 
phore  in  the 'lower  dilated  half  of  his  seminal  canal,  and  after  the 
coitus  it  is  no  longer  there.  Professor  Siebold  *  has  found  the  sperm- 
tube  attached  to  the  rounded  end  of  the  last  pair  of  feet  of  the 
male,  indicating  the  instrument  of  fixation.  The  females  so  pro- 
vided are  not,  therefore,  disdained  by  other  males, — three,  four,  or 
even  six  sperm-tubes  may  be  found  attached  to  the  same  female. 
The  sperm-tube  consists  of  three  different  kinds  of  substance,  sper- 
matic matter,  expulsatory  cells,  and  agglutinating  fluid.  The 
action  of  the  cells,  in  expanding,  is  to  push  out  the  spermatozoa, 
which,  as  the  sac  is  suspended  to  the  ventral  surface  of  the  first 
caudal  segment,  thus  escape  close  to  the  vulva. 

The  Cyclops  has  a  single  testis,  which  is  a  pyriform  sac  concealed 
in  the  dorsal  region,  beneath  or  behind  the  heart.  A  long  and  wide 
sperm-duct  descelids  to  the  inferior  half  of  the  body ;  then  rises 
abruptly,  and  again  descends  by  a  sudden  curve,  to  arrive  at  the 
sexual  opening,  which  is  simple,  and  at  the  middle  of  the  base  of  the 
tail.  In  the  pyriform  testis  are  sperm-cells  and  also  spermatozoa.  In 
the  descending  part  of  the  sperm-duct  is  the  spermatophore,  which  is 
homotypal  with  the  ovicapsule. 

How  they  become  occupied  with  their  proper  threefold  contents 
has  not  been  observed,  but  it  does  take  place  gradually  as  the  sper- 
matophore descends  towards  the  spermatic  outlet.  There  is  no 
proper  coitus,  i.e,y  the  male  does  not  intromit  directly ;  but  he  appends 
or  attaches  the  spermatophore  to  the  female.  Each  spermatophore 
contains^  besides  spermatozoa,  two  other  substances ;  one  expulsatory, 
which  swells  in  water,  and  expeb  the  spermatozoa ;  the  other  coagu- 
lates in  the  water,  and  serves  for  the  attachment  of  the  spermatophore. 
The  contemplation  of  the  complex  machinery  requisite  for  this 
curious  mode  of  impregnation,  whilst  it  exemplifies  the  necessity  of 
direct  contact  of  the  spermatozoa  with  the  ova,  must  fill  the  mind 
with  admiration  at  the  unusual  interdependent  arrangement,  or, 
humanly  speaking,  contrivance,  which  is  manifested  in  subserviency 
to  the  propagation  of  an  animal  so  minute  and  seemingly  so  insig- 
nificant. 

In  the  genus  CypHs  the  ovaria  consists  of  two  long  csecums, 
curved,  and  applied  to  the  sides  of  the  hinder  half  of  body,  but 
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coTcred  by  tlje  «hell,  and  opening  eatteriorly,  one  bj  llie  eidd 
llie  otlier,  at  llie  fore-pttrt  of  tbe  extremity  of  the  ab 
wbere  tbey  communicate  with  the  canal  formed  by  the  incurTed  tail 
The  first  two-thirds  of  the  ovarium  lies  free  in  a  capsule,  forme 
by  iUtt  membrane  which  lines  the  valves,  Tbe  ova  ore  minute 
ibe  blind  b<»gmning,  but  progressivety  augment  in  size  ag  the 
spproach  tlm  outU?^  or  tbe  fixed  verlicnl  and  terminal  part  uf  tli^ 
oviduct.  Those  little  Eutomostraca  oviposit  on  some  fixed  foreig 
bo<]y,  agglutinating  their  ova  in  a  mass  of  aorae  hundreds  derive 
from  several  imiividunla,  by  a  substance  of  a  grecjiish  filamentarjf 
atructuro  like  mod*?.  Tlnift,  like  tbe  ostrich,  many  females  con- 
tribute to  one  noit  In  four  days  and  a  half  tbe  eggs  are  hatched^ 
the  young  come  out  in  form  like  tbe  parent ;  there  is  no  metamop 
phosis*  only  tbe  valves  are  of  a  slightly  different  form,  and  of  a 
colour.  Aa  tlie  pools  dry,  tbey  bury  themselves  in  the  sand  or  mu 
at  the  bottom ;  if  tliat  remains  moist^  tbe  old  animals  survive  i  if  i 
becomes  dry»  tbey  perish,  but  their  egc;8  retain  tlieir  latent  life*  an 
are  batched  on  tbe  return  of  rain.  This  explains  the  seeminglj 
marvellous  phenomenon  sometimes  observed  in  a  shallow  pool,  whic 
has  been  dried  up  in  tbe  summer,  and  may  have  long  remaioed 
but  which,  in  a  day  or  two  after  it  baa  been  refilled  with  water^ 
found  swarming  witlijittle  Entomostraca. 

In    the    Hranchtpuit  stagnalis   we  have  another  example  of 
rapidity  of  the  appearance  of  swnrms  of  Individuals  in  recent  pooi 
through  a  similar  economy  of  latent  vitality  of  the  ova.     The  Bmn 
chipug  is  cbaracteHfled   by  the  great  number  of  its  segments  j  ihd 
males   are   distinguished  by  their  antennse  having  long    anller-lik 
terminal  joints  or  processes,  which  serve  to  retain  the  female;  andi 
the  termination  of  the  sperm^ducts  are  two  intromittent  plates.  TheP 
are  two  aperm-sacs  and  two  testes  in  the  form  of  long  and  straigh 
ca^ca,   which  extend  the  whole   length   of  the  tail ;    and  from  ik 
anterior   dilated   end  the  .sperm-duct   proceeds  inwards   and  back| 
wards.    Both  speTm-ducts  soon  after  their  origin  dilate  into  a  sperm-? 
sac^  and  then  proceed  to  a  swelling  at  the  base  of  the  tail*  where 
they  open  near  a  spine-bearing  peduncle.     The  ova,  when  they  are 
impre]i;nated,  are  received  into  an  external  capsule.     When  the  pooh 
ai*e  dry,  tbe  ova  have  the  power  of  retaining  life  for  two  or  tb 
years. 

The  generative  organs  attain  an  enormous  extent  in  Limuffui 
th<*y  arc  packed  closely,  interblending  with  tbe  ramified  cioca 
lilt!  liver,  in   both  male   and  female,  throughout  the  body.      In  tlii 
female  tbe  ovarian  tubes  present  the  dendritic  or  ramified  dit»p 
flltion.      Wc  distinguish  the    sexes   by  the*  external   character 
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the  first  pair  of  thoracic  limbs,  which  are  short,  swollen,  and  hooked 
in  the  males,  while  in  the  females  thej  are  long,  straight,  and 
pointed.  On  the  first  of  the  abdominal  respiratory  limbs  there 
is  a  prominent  tubular  appendage,  on  which  the  sperm-duct  ter- 
minates ;  in  the  female  there  is  a  simple  perforation  at  the  corres- 
ponding part- 
No  instance  of  parthenogenesis  has  be/en  determined  in  the  higher 
sub-class  of  Crustacea^  called  Malacostr<ica  ;  but,  like  other  Arti- 
culata  subject  to  periodical  ecdysis,  they  have  the  power  of  re- 
producing lost  extremities,  as  has  been  already  explained.  There 
is  no  propagation  by  spontaneous  fission  or  gemmation:  every 
species  is  developed  from  ova  formed  by  organs  peculiar  to  one 
series  of  individuals,  and  impregnated  by  the  fertilising  product 
of  organs  as  peculiar  to  another  series.  But,  although  the  male 
and  female  organs  are  never  naturally  combined  in  the  same  indi- 
vidual, accidental  or  monstrous  hermaphrodites  occasionally  occur, 
in  which  the  male  organ  is  developed  on  one  side,  and  the  female 
organ  on  the  other  side  of  the  same  animal.  This  dimidiate  her- 
maphroditism has  been  most  commonly  observed  in  the  lobster, 
and  is  indicated  by  external  characters.  The  generative  ori^ces 
open  on  the  last  thoracic  leg  on  the  male  side^  in  which  the  ab- 
dominal plates  are  smaller  and  more  simple;  whilst  on  the  oppo- 
site side  they  are  broader  and  more  ciliated,  and  the  generative 
aperture  is  situated  on  the  middle  or  third  ambulatory  leg.  This 
singular  kind  of  malformation  seems  to  depend  upon  the  very 
slight  connection,  or  want  of  connection,  between  the  right  and  left 
generative  organs  of  the  same  individual,  whether  male  or  female. 
The  external  apertures  are  always  distinct  on  each  side ;  and  when 
a  combination  of  the  right  and  left  generative  organs  does  occur,  it 
is  by  a  partial  union  of  the  two  testes,  or  of  the  two  ovaria. 

In  the  male  Cymothoa  both  the  essential  and  efferent  portions  of 
the  male  apparatus  are  distinct  on  each  side:  the  testis  is  here  much 
simplified,  and  consists  of  three  elongated  pyriform  vesicles  forming 
a  common  tube  by  the  union  of  the  short  vasa  deferentia,  which 
arise  respectively  from  the  great  end  of  each  vesicle.  In  this  and 
some  other  of  the  Isopoda,  the  disproportion  between  the  male  and 
female  is  still  retained ;  and  is  almost  as  extreme  in  the  parasitic 
Bopyrus  as  in  the  Lernaeans. 

In  Squillay  the  testes  are  ramified  glandular  lobes,  from  which 
the  sperm-ducts  pass  off  laterally  to  terminate  each  in  a  hollow 
evertible  penis  at  the  base  of  the  last  thoracic  leg. 

In  Astacus  fluviatilis  the   testes   are   blended   together    at  the 
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middle  line  along  the  posterior  half  of  tbcir   extent,   anterior  to 
vrbich  they  are  separated  and  symmetrical :  they  consist  of  packets  of 
minute  contorted  capillary  secerning  tuWs.  The  vasa  deferentia  quit  J 
the  ghind  at  the  junction  of  its  three  apparent  lobes:   they  formj 
many  convolutiond  at  the  sides  of  the  hinder  part  of  the  thoracic 
segment,    where   thi^  may  be  distinguished    by   their  opake  wbitej 
colour.     They  dilate  into  sperm-receptacles  in  the  last  portion  of 
their  course,  and   terminate  at  the  small  prominent  orifice  at  the 
basttl  joints  of  the  hist  pair  of  thoracic  li^gs. 

In  the  Maia  the  tCBtid  consists  of  an  elongated  and  convoluted  maas 
of  extremely  minute  vermicular  tubuli,  which  mass  is  united  by  a  J 
elender  transverse  commissural  process  with  the  testis  of  the  opposite 
Bide.     The  vas  deferens  is  formed  by  the  gradual  enlargement  of  the 
iubuli,  and  is  disposed  in  ri  number  of  close  convolutions,  and  some- 
what suddenly  dilates  into  a  spiral  seminal  receptacle,  which  termi-' 
nates,  as  in  the  Asincus^  on  the  basilar  piece  of  the  last  pair  of  legs. 
In    many   crab^l,  however,   as    in    the    Grapsus   and  Octfpoda,    the  | 
external  opening  of  the  male  organ  is  found  on  the  sternal  part  of  I 
the  last  thoracic  ring.     The  testes   in  the  common  crab  {^g,  132,  /)  [ 
cODsiit  of  a  net- work  of  very  small  seminiferous  tubes,  occupying  the  I 
lateral  portions  of  the  cephalothorax,  which  gradually  increase  in  [ 
aixc    until  they   form   the   long   sperm-ducts:    these   (ib.    d)   formj 
numerous  convolutions  on  each  side  of  the  stomach,  and  dilate  into  ^ 
large  ejacuktory  ducts  before  opening  upon  the  plastron.     The  ter- 
minal part  of  the  duct  can  be  everted  by  a  kind  of  erection  to  form  a 
temporary  organ  of  intromission;  and  the  Crustacea  are  singularly 
analogous  to  serpents  in  the  double  nuEiber  as  well  as  the  structure 
of  this  part*     Certain  appendages  of  the  first  and  second  abdominal 
nngB  in  the  male  crabs  are  probably  connected  as  exciting  organs 
with  the  sexual  ftinction. 

The  spermatic  fluid  is  white  and  sometimes  opalescent :  the  sperm- 
cells  present  varied  and  remarkable  forms*  In  the  Cf/chps  they  are 
oval  corpuscles;  in  C)/prts  they  are  large,  filitbrm,  and  flexuous.  In 
the  Isopods  and  Amphipoda  they  are  long  filaments  pointed  at  both 
ends,  or  with  a  slight  thickening  at  one  end ;  they  are  motionless. 

In  the  Decapoda  the  nuclena 
of  the  sperm -cell  developed 
one  or  more  filiform  pro* 
ceases,  which  project  from 
the  cell  itself.     In  fig,  134,^ 

matozoa  in  the  Grapsus  marmaraiusi  n  and  c^  that  in   Pagurta 
aculatus ;  and  d,  that  in  Pi^a  ieirttodon. 
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The  female  organs  present^  like  the  male,  a  progressiye  com- 
plication of  structure  as  the  species  ascend  in  the  class.  Most  of 
the  small  Entomostraca  carry  the  impregnated  ova  in  appended 
ovisacs,  like  those  of  the  Lernese.  These  sacs  are  not  developed  in 
the  Limulus,  which  also  differs  from  the  smaller  Entomostraca 
inasmuch  as  the  ovarian  mass  interblends  its  lobes  and  processes 
with  those  of  the  liver;  the  oviducts  form  more  frequent  com- 
munication with  each  other  than  in  the  higher  Crustacea,  but  ulti- 
mately terminate,  like  the  vaaa  deferentia,  by  two  distinct  but 
contiguous  orifices  on  the  back  part  of  the  first  abdominal  lamelli- 
form  appendage. 

The  ovaria  in  the  lobster  are  of  great  length  on  each  side ;  the 
oviduct  comes  off  from  the  outer  part  of  nearly  the  middle  of  the 
gland,  and  descends  to  terminate  at  the  basal  joint  of  the  third  pair 
of  ambulatory  feet. 

In  crabs  the  female  apparatus  reaches  its  highest  state  of  compli- 
cation, and  consists  of  an  ovary,  oviduct^  and  a  copulatory  pouch,  or 
spermatbeca,  on  each  side.      The  ovaria  are  elongated  cylindrical 

sacs  in  the  Maia  {Jig.  135),  and 
are  divided  into  an  anterior  (a) 
and  a  posterior  part  (&),  the  short 
oviduct  {d)  being  continued  from 
the  union  of  the  two  :  the  anterior 
parts  of  the  ovaria  are  united 
together  by  a  short  transverse 
canal  (a');  the  posterior  divisions 
are  intimately  united  through  half 
their  extent ;  the  spermatbeca  (c) 
is  developed  a  little  above  the  ter- 
mination of  each  oviduct ;  and  the 
spermatophora  and  spermatozoa 
in  this  receptacle  afford  favour- 
able subjects  for  microscopic  obser- 
vation. 
The  species  of  a  genus  of  Mac- 
roura  {Mysis)  are  called  "  Opossum  shrimps "  from  carrying  their 
ova  during  the  process  of  development  in  abdominal  recesses,  an- 
alogous to  the  marsupial  pouch;  but  this  superadded  complexity 
in  the  reproductive  economy  is  common,  under  various  modifi- 
cations, to  all  the  Crustacea. 

The  wider  our  survey  of  living  nature  extends  —  the  greater  the 
number  of  facts  in  the  history  of  animals  with  which  we  become 
acquainted  —  the  more  do  the  points  of  correspondence  between  the 
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different  Rpeciea  increase^  and  the  clearer  becomes  our  coneepiioo  < 
the  unity  of  tfie  general  plan  which  pervades  their  orgftnisatioq 
Thiti  IB  especially  tlae  case  with  regard  to  the  phenomena  which 
recognise  in  tracing  the  duvelopnient  of  particular  animals.  Ba^ 
before  entering  on  the  stngea  of  the  development  of  the  indiviiioi 
Crustacean,  I  may  premise  ii  few  remarks  on  the  phases  which  th 
class  itself  has  passed  through  from  the  period  when  we  first 
cognise  its  representatives  among  the  animals  that  ha^e  heretofoi^ 
peopled  our  planet. 

To  render  my  remarks  on  the  paleontology  of  the  Crustacea  mo 
intelligible,  I  may  repeat  that  the  class  is   naturally  divisible  iot 
two  great  groups ;  but  not,  as  I^ach  and  Macleay  believed,  according 
to  the  sessile  or  pedunculate  character  of  the  eye^,  for  you  find  eye 
fttalks  in  Entomostracans  —  to  use  the  language  of  LeaclL,  *=* 
thalmatous"  species  may  be  found  amongst  the  lowest  Fir. 
f*  j^.  in   the  genus  Branch ipns^  as  well  as  in  the  highest  member 
of  the  class.     We  had  to  seck^  therefore,  for  some  more  constant  and 
important  character  for  the  primary  division  of  the  Crustacea,  and 
this  character  we  found  in  the  constimcy  of  the  number  of  the  seg-1 
mente  composing  the  body  in  certain  members^  and  the  variability  o£ 
the  number  of  segments  in  the  rest  of  the  class.     In  the  mnjority  ( 
the  existing  species,  including  the  typical  members  of  the  class,  th 
thorax  includes  seven  segments,  the  abdomen  seven  segments,  an4 
seven  ai'o  likewise  indicated  by  the  appendages  in  the  head,  twenty-J 
one  being  the  archetypal  number  of  the  segments  in  the  division  oi 
the  Crustacea,  called  **  Malacostraca ;  **  at  all  events,   the  nurabee 
seven  is  constant  w^ith  regard  to  the  thoracic  segments,  and  is  neved 
exceeded   in   the  abdominal  segments  in    this   sub-class.      In   thai 
lower  sub-class,  the  number  of  segments  varies,  being  often  more 
and  sometimes  less  than  seven. 

The  Mulacostraca,  again,  were  divided  according  to  the  relative 
length  of  the  thorax  and  abdomen,  or  according  as  they  have  "long* 
or  ** short"  tails,  as  the  latter  part  is  commonly  called;  in  accordauc 
with  which,  the  technical  names  of  these  subdivisions,  or  order 
have  been  devised*  The  lobster  is  the  type  of  the  3facroura^  of 
long-tailed  order,  and  the  crab  of  the  Btachyura^  or  short-tailed 
Crustaceans.  But  Nature  never  moves  p€T  saHum,  and  there  is  i 
little  group  which  has  an  intermediate  proportion  of  the  abdomenJ 
and  it  lias  been  called  *^  ArtomouraJ'* 

All  the  three  orders  are  rf^prcscnted  in  the  tertiary  formations  and] 
in  their  pliocene,  miocene,  and  eocene  divisions ;  but  no  species 
orabt  or  brachyurous  Crustacean,  has  hitherto  been   met  with  ifl 
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Strata  more  ancient  than  the  eocene.  In  the  chalk  formation,  the 
highest  form  of  Crustacean  would  be  classed  with  the  Anomoura ; 
but  the  Macroura  are  the  prevalent  forms.  Lobsters,  crawfish, 
shrimps,  and  other  Macroura^  but  all  of  species  now  extinct,  are  met 
with  fossilised  in  the  secondary  strata,  from  the  chalk  to  the  coal 
formation ;  but  below  the  chalk,  there  are  no  higher  forms  of  Crus- 
tacean than  the  Macroura.  When  we  come  to  the  coal-measures,  the 
Malacostraca  disappear ;  but  we  then  find  the  gigantic  Entomostracan 
called  tlie  King-Crab  {Limulus) ;  thence  down  to  the  lowest  strata  in 
which  any  trace  of  animal  life  has  been  found,  the  Crustaceous  class 
is  exclusively  represented  by  Entomostracous  species,  and  more 
particularly  by  a  peculiar  form  of  Entomostraca,  which  became 
extinct  before  the  coal-measures  were  deposited.  Almost  endless^ 
however,  are  the  varieties  under  which  this  form  was  manifested  in 
the  Palaeozoic  periods :  the  term  "  trilobite  *'  is  given  to  the  funda- 
mental type  or  form,  on  account  of  the  segments  of  the  body  being 
divided  into  three  lobes. 

Our  countryman  Lhwyd,  or  Lloyd,  first  discovered  this  fossil  in 
1699,  and  he  gave  it  the  name  of  Trinucleus,  At  that  time  zoo- 
logical science  was  not  suiB&ciently  advanced  to  afford  a  definite 
binomial  sign  for  the  extinct  animal ;  and  Lloyd's  name  rather  indi- 
cated the  petrifaction  as  such,  than  a  species  of  the  animal  kingdom. 
The  idea  of  the  place  of  the  Trilobite  in  that  kingdom  began  first  to 
be  mooted  about  the  time  of  Linnaeus,  by  whom  it  was  consigned  to 
the  class  of  insects,  with  the  name  of  Entomolithus  paradoxus.  Knorr 
next  studied  it,  and  gave  it  the  name  of  "  Trilobite,**  believing  it  to 
be  allied  to  the  molluscous  Chitons,  which  opinion  prevailed  to  the 
time  of  the  Entomologist  Latreille,  and  died  with  him.  The  better 
preserved  fossils,  in  fact,  gave  evidence  of  distinct  organs  of  vision, 
large  compound  eyes,  with  a  cornea  divided  into  numerous  segments, 
thus  proving  that  the  Mollusca  could  not  be  the  primary  division  of 
animals  to  which  the  Trilobites  belonged ;  and  since  that  time  all 
naturalists  have  agreed  in  referring  these  fossils  to  the  Crustacea. 

With  regard  to  their  nearer  afiinities,  all  who  had  studied  the 
Trilobites  up  to  1843,  were  of  opinion  that  they  were  allied  to  the 
higlier,  or  Malacostracous,  division  of  the  Crustacea ;  and  Mr. 
Macleay,  in  his  valuable  appendix  to  "  Murchison  on  the  Silurian 
Strata,"  places  the  Trilobites  in  a  distinct  order  between  the  Isopoda 
and  Aspidophora.  He  based  his  views  on  the  trilobed  character  of 
the  segments  in  Serolis  and  Bopi/rus,  and  showed  that  the  eyes  were 
large,  sessile,  and  compound  in  Cymothoa^  as  in  Trilobites.  The 
Cymothoa  and  other  Isopods  roll  themselves  up  into  balls,  as  we 
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find  many  of  the  Trilobites  to  have  done  before  they  f^erished.  Bot 
we  find  these  characteristics  also  in  Limulus :  the  segments  of  the 
hinder  diTision  of  its  body  are  divided  into  tJiree  elevations,  or  lobea; 
the  large,  sessile,  compound  eyes  of  Limnhts  are  more  like  thoi^e  of 
the  Trilobitethan  the  eyes  of  any  Isopods  are  ;  and  the  larval  LimuH 
roll  themselves  into  a  ball*  Moreover,  the  excess  in  the  number  of  the 
segments  of  the  thorax  or  abdomen,  over  and  above  the  number 
seven  which  governs  them  in  the  Malacostraca,  proves  the  particulara 
of  resemblance  to  the  sessile-eyed  members  of  that  sub- class,  which 
^Ir.  Macleay  indicates,  to  be  no  characters  of  immediate  affinity  to 
the  C^mothoida  or  to  the  Epicarides^  although  some  of  these,  like 
Sphasromay  may  present  a  large,  convex,  semicircular  annl  segment, 
such  as  wo  see  in  the  Trilobitic  genus  Bummtns  of  the  Silurian 
strata. 

In  a  lecture  on  the  Crustacea,  delivered  at  the  Uoyal  College  of 
Surgeons,  A[jril  27,  1843,  and  published  in  the  following  month,  I , 
introduced  the  Trilobites  with  the  following  remark: — **  The  dis- 
tinction between  the  Entomostracaand  Malacostraca,  in  the  numerical 
character  of  the  segments  of  the  body,  is  of  tiie  first  importance  in 
determining  the  alfinities  of  those  ancient  extinct  Crustacea,  called 
•Trilobites/"*  And  I  pointed  out  how  Bop^rus  and  C^mathoa 
differed  liy  their  normal  number  of  thoracic  and  abdominal  segments, 
viz,,  7 — 7.  M.  Burmeister,  in  the  same  year  (1843),  with  equally 
original  views  of  the  importance  of  this  numerical  character,  also 
availed  himself  of  if,  in  determining  the  position  of  these  extinct 
animals  in  the  Sy sterna  Naturre^  and  showed  how  it  invalidated  the 
marks  of  resemblance  which  had  been  noticed  between  certain  Isopoda 
and  Trilobites.  But  he  errs^  1  believe,  in  thinking  Limulus  to  be 
still  more  widely  removed  from  the  Trilobites  than  the  Isopodjs  are, 
not  apparently  knowing  the  King-crab  in  its  larval  stale.  Professor 
Emmericli,  in  a  memoir  in  Bronn'a  Neuer  Jahrbuch,  1845,  regards 
the  Trilobites  as  a  pecaliar  order,  connecting  the  Malacostraca  with 
the  Entomostracft,  but  more  nearly  related  to  the  latter.  He  thinks 
them  allied  to  the  Malacostraca  by  their  crust-like  shell,  and  by  their 
not  possessing  simple  eyes  together  with  compound  ones  ;  but  this 
combination  is  rare  even  in  the  Entomostraca.  He  deems  the 
Xiphomra  and  the  Phi/llopoda  to  be  the  two  orders  of  Entomostraca 
to  which  the  Trilobites  are  united  by  the  nearest  characters  of  affinity. 
They  correspond  with  both  as  regards  the  form  and  size  of  the 
clypeoid  head  or  cephalo-thorax.  The  soft  texture  of  the  under  side 
of  the  body  of  the  Trilobites,  and  the  circnmstance  that  no  one  has 
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yet  succeeded  in  detecting  unequivocal  vestiges  of  legs,  are  in  favour 
of  the  supposition  that  they  must  have  corresponded,  in  the  perish- 
able structure  of  their  feet,  with  the  Aptis  and  Branchipus. 

But,  to  what  end,  it  may  be  asked,  tends  all  this  discussion  con- 
cerning the  afBnities  of  animals  that  have  long  since  ceased  to  exist  ? 
How  are  we  concerned  with  it,  in  considerations  relative  to  the 
generation  and  development  of  the  actual  Crustacea  ?  To  this  I 
have  to  answer,  that  it  is  only  by  a  knowledge  of  the  transitional 
larval  forms  of  these,  that  we  come  rightly  to  comprehend  the  nature 
and  aflSnities  of  the  extinct  Trilobites ;  and  that  our  knowledge  of 
the  most  interesting  relations  of  actual  Inrvas  requires  a  previous 
knowledge  of  the  forms  of  their  class  that  have  heretofore  existed 
in  this  planet.  In  no  mature  stage  of  any  existing  Crustacean  do  we 
find  the  trilobites  so  closely  resembled,  as  they  are  by  the  larval 
stages  of  the  Limulus^  and  of  some  of  the  smaller  Entomostraca. 
The  metamorphoses  of  these  are  such  that  different  stages  are 
figured  as  distinct  species  in  the  well-known  work  "  On  Ento- 
mostraca," by  O.  F.  Miiller.*  In  the  larval  Cyclops^  which  is  his 
genus  Ndupliusy  the  body  is  rounded  and  without  the  tail;  it  has 
only  two  pairs  of  limbs  :  the  eyes  are  distinct ;  but,  in  the  course  of 
the  first  and  second  moult  they  approximate,  and  finally  unite  to- 
gether. The  body  of  the  larval  Branchipus  consists  at  first  of  two 
oval  divisions,  like  the  spiders :  that  which  represents  the  thorax 
and  abdomen  united  has  no  legs ;  but  two  pairs  of  natatory  seti- 
gerous  legs,  and  two  antennae,  are  developed  from  the  head,  which 
has  a  single  median  eye.  The  form  of  the  head  is  also  different 
from  that  of  the  parent.  After  the  first  moult  the  head  has  three 
eyes,  a  pair  being  added  to  the  first  median  one ;  but  all  are  ses- 
sile. The  abdomen  elongates,  and  divides  into  rings,  and  is  now 
provided  with  rudimentary  tubular  feet.  At  the  secondary  moult, 
the  first  pair  of  foliaceous  feet  appear,  and  are  succeeded  by  seven 
pairs  of  rudimentary  ones.  In  succeeding  moults  the  lateral  eyes 
become  pedunculated,  and  the  median  eye  disappears;  the  ab- 
domen grows  longer,  and  its  limbs  are  perfected.  The  Apus 
quits  the  e^g  with  fewer  segments  than  it  afterwards  acquires.  The 
larval  Sao  has  but  three  thoracic  segments,  but  the  nnmber  of  these 
increases  with  each  successive  moult,  until  the  adult  form  is  acquired ; 
the  new  segments  being  developed  between  the  thorax  and  abdomen. 
Similar  metamorphoses  have  been  evinced  by  fossil  specimens  of  the 
tribolitic  genus  Ogygia^  in  which  the  additional  segments  were 
developed  at  the  hinder  part  of  the  abdomen. 
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Cbe  csDBOt  witam  t^  mxla^  stages  of  Bramekipms  and  Ajms 
wttbMS  beiiif  stradk  \j  tkeir  reflemUance  to  certain  forma  of  Tri- 
hhiwA,    Aad  a»  likewin  with  the  lanra  of  Limntius.     The  arga- 

aguBtfc  the  afiwty  of  this  genos  to  the  Trilobite  which  had 

w«ight  with  IfaiiKiilii,  was  the  peculiar  bajonet-shaped 
woipim  proceeding  froat  the  poal-abdoBiinal  division  of  the  bodj  in 
dw  niZIj-«fev«h>pied  King-crah.  Now,  when  it  qoita  the  OTnm,  thia 
«<np«»  itf  not  developed ;  the  cephak>-thorax  is  reUtiTelj  smaller ; 
the  abdoGKA  longer,  and  more  trilobed,  and  altogether  the  larva  is 

Bore  like  the  TriloUte  than  the  later  stages.  The  cephalo- 
:  jhieU  is  eoorwMS  in  the  krval  Sao,  bat  becomes  reduced 
to  coaipanDveij  sanE,  dimensions  in  the  adolt  animaL  Some  of 
the  for^  of  the  smaller  Trilobitea^  which  fignre  as  distinct  genera, 
&  fL  Bmttms  and  JgmmimM,  maj  alao  be  larval  forma  of  other  genera; 
Im;  like  tits  exiatiag  Entomnstrafa,  the  TriiobitQa  underwent  their 
whkh»  as  in  the  case  of  Qps^yia,  were,  also^  <^  a 

.  ^tfiire.  Therefore^  hj  these  facta  in  the  development  of  the 
bwerCrwtncea — few  indeed*  I  admit*  when  compared  with  the  great 
■^bfr  of  kndwn  Entosaostiaca  that  now  erist  ^  a  clearer  light  is 
thiwmon  the  icsl  Mtnie  of  those  anciat  Trilobites  than  could  have 
hem  e»^f«^<  i»  N«u^  t»  extinct  creaturc^  the  affinities  of  which 

Ipliec*^  liilti^  «i4iiWMi»tmi4MM  ^  oTidwt%  are  retained  and  pro- 

♦.^.•.M^  ».    .>-^*^t**    «***  ^^'•W'  sewile-^ed  Mahcostrtca  bjr  means 

.K    »i..KJi:Ov**»  .|.|n.«x.ii*;*:>  >t' :hu  riiorocic  extremities,  which  ap- 

.»x.u  -.     -- '}      \i>aii\4tii,  Mid  overlap  each  other,  so  as  to 

...;v     ..   UiujKartry  i>;c».'|)tacl«»»  in  which  the  iiicu- 

-     «.ii<t>Ioua.     In  tlio  P<^opIithiLlma,  the  lamelli- 

j,v..-iio«^3  oi   tiiv;  abiK'Uiinul  segments  include  similar 

itv" .MiL'i^v    It  cc**<r»  for  tlie  ova.     The  female  lobster 

^       •.iwvo*»t  lie  ilisiinguisheil  from  the  male  by  the  greater 

.    :Ucoc  appcnda^'cs;  an«l  in  the  Brachjura  the  shorter 

.    .*.i  li*  >o  niucli  more  expanded  in  the  females  as  to  cover 

^     .ix    ^wu'ie  .>icrnaai,  and  render  the  sex  distinguishable  at  a 

VI  •    t    X  ^.*.vi  u»  tiu'  hiijhor  i^roup  oi^  Crustacea,  up  to  a  late  period 
i..a  iK'iu'^cvi   that   tliov  di tiered  from  insects,  as  well  as 
.^•oil•4^.^  lu  undergoing  no  metamorphosis;  but  they  offer 
u    iu.N  ivo^jKVt  in  dillerenc  species.     The  phenomena  of 
.     x'lMnu'u  tv>  ;iii  :»it»  the  following  :— The  primary  germ- 
ui,'*v<»»'^''^'"  ^***  ^"^'  ovum,  propagates  its  progeny  not  at 
^        "       ^    ..    tiK'   v*:u'lc  ;inii-yolk,  but  only  of  a  small  portion  of 
*      ^  '  ^     -ixsvvx  .'f  \v»ik-ri»*iou  is  a  partial,  not  a  total  one. 
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All  Crustacea  show  the  same  direction  of  development,— i  e.,  they 
obey  the  law  of  the  Articulate  type  by  the  commencement  of  the 
embryo  at  its  ventral  surface, — it  is  literally  built  up  from  below ; 
and  consequently  the  umbilicus,  or  the  last  cicatrix  closing  in  the 
yolk-sac,  is  on  the  back ;  the  body  is  completed  by  the  finishing  of 
the  segments  or  rings  at  the  dorsal  surface  of  the  body.  In  regard  to 
the  Malacostraca,  there  are  many  modifications  of  the  secondary  or 
subsequent  phenomena  of  development.  As  long  ago  as  1778,  a 
Dutch  naturalist,  Slabber*,  described  and  figured  a  minute  swimming 
Crustacean  of  the  genus  called  Zoea  by  modern  naturalists ;  it  was 
provided  with  a  pair  of  large  and  distinct  eyes ;  its  carapace  was 
armed  with  a  long  frontal  and  a  dorsal  spine  ;  and  its  abdomen  was 
terminated  by  a  forked  tail.  He  preserved  this  little  animal  alive  in 
sea  water,  which  was  daily  renewed,  and  on  the  fourth  day  he  found 
that  the  animal  had  moulted  and  changed  its  form ;  the  feet,  eyes,  and 
antennas  were  more  developed,  the  frontal  spine  had  become  compara- 
tively small^  the  dorsal  one  had  disappeared,  and  the  tail  had  changed 
from  the  bifurcate  to  the  spatulate  shape,  and  was  fringed  by  a  row 
of  short  spines.  Many  years  elapsed  ere  this  observation  was  re- 
peated, and  it  seems  to  have  been  forgotten,  when  Dr.  Leach,  the 
most  accomplished  Crustaceologist  of  his  day,  founded  the  principal 
character  of  the  class  Crustacea  on  the  absence  of  metamorphosis. 

During  the  spring  of  1822,  Mr.  V.  Thompson  f,  to  whom  we 
are  indebted  for  the  discovery  of  the  metamorphoses  of  the  Cirripeds, 
captured  an  abundance  of  the  singular  2k)eas  in  the  harbour  of  Cove  ; 
the  largest  of  them  was  daily  supplied  with  fresh  sea-water  from 
May  14th  until  the  15th  of  June,  when  it  died  in  the  act  of  changing 
its  skin.  The  disengaged  members,  invested  with  the  new  integu- 
ments, were  changed  both  in  number  and  form,  and  corresponded 
with  those  of  the  decapod  Crustracea,  the  anterior  pair  being 
furnished  with  large  pincers.  Here,  therefore,  was  a  strong  indica- 
tion that,  under  the  form  of  a  Zoea,  was  masked  that  of  some  one  or 
other  of  the  higher  Crustacea ;  and,  probably,  one  of  the  common 
species  of  the  Irish  coast.  To  the  development  of  these,  therefore. 
Dr.  Thompson  next  turned  his  attention,  and  he  succeeded  in 
hatching  the  ova  of  the  common  crab  during  the  month  of  June,  and 
found  that  the  young  were  excluded  under  the  form  of  the  Zoea 
Taurtis,  with  the  addition  of  lateral  spines  to  the  thorax ;  where- 
upon he  concluded  that  the  decapod  Crustacea  indisputably  under- 
went a  metamorphosis. 

These  observations  were,  however,  called  in  question,  after  the 
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Eppearance  of  the  elaborate  monograph  by  Ratliki,  oq  the  develop^ 

mont  of  a  freshwater  species. 

In  the  year  1829,  Dr.  Rathke  published  his  "  Researches  on  the 
Riirer  Craw-fish  (Astacus  jiuviatilis),*  In  this  species  the  OTain 
first  appears  in  the  shape  of  a  minute  t  ran  e  pa  rent  vesicle,  which 
afterwards  becomes  surrounded  hj  a  second,  forming  the  membrana 
vitelli  :  the  nature  of  the  processes  ejecting  this  stage  appears  not  to 
hiiTe  been  observed*  The  yolk  increases  in  quantity,  and  is  rendered 
opaque  by  the  presence  of  nunieroua  granules,  or  nucleated  Qells^ 
which  are  at  first  angular,  and  change  from  the  lenticular  to 
the  spherioal  figure ;  then  the  internal  minute  transparent  gerniinal 
vesicle  quits  the  centre,  and  comes  into  contact  with  one  part  of  the 
parietes  of  the  ovum.  The  colour  of  the  yolk  successively  changes 
to  yellow,  orange,  and  brown ;  the  spermatozoa,  enveloped  in  their 
sperm  atop  h  ore,  when  they  are  received  into  the  oviduct,  escape 
therefromj  and  ascend  the  duct  to  the  ovarium,  and  af^er  coming  Into 
contact  with  the  ovum,  the  clear  vesicle  disappears,  and  the  produc- 
tion of  the  embryo  commences.  Rathke  failed  to  ascertain  what 
became  of  the  vesicle.  The  formation  of  the  ovum  in  the  ovary 
continues  half  a  year.  In  the  month  of  November,  the  vesicle  was 
visible ;  in  the  ensuing  March  it  had  disappeared- 

The  ovum  escapes  into  the  oviduct  by  bursting  the  inner  lining  of 
the  ovary.  It  is  surrounded  by  a  layer  of  albuminous  matter,  and  is 
enclosed  within  a  coriaceous  chorion,  and  an  irregularly  doposited 
nidamental  tunic,  by  which  the  ovum,  after  exclusion,  becomes 
attached  to  the  ciliated  plates  beneath  the  tail  of  the  mother. 

The  first  appearance  of  development  is  as  a  whitish  cloud  of 
indeterminate  form,  spreading  over  the  vitellus,  and  assuming,  as  it 
extends,  a  reticulated  appearance.  It  seems  as  if  the  germ>cells  had 
propagated  themselves  over  the  superficies  of  the  yolk -mass.  A 
discoid  portion  of  t!je  opake  layer  is  defined  from  the  rest,  and 
increases  in  thickness  at  its  middle  part :  its  longest  diameter  is 

ISS  ^ --^  about  half  tlie  radius  of  the  egg.     A  depression 

appears  in  the  centre  of  this,  which  passes  more 
and  more  deeply  into  the  vitellus,  and  the  em- 
bryonic spot  expands  at  its  margins  The  patch 
ne^Et  grows  heart-shaped,  and  the  antennse,  the 
labrum,  mandibles,  and  abdomen  become  simul- 
taneously recognizable  {^/%,  136).  The  first 
appearance  is  a  minute  median  prominence, 
which  becomes  the  labrum  e  ;  that  part  of  the 
mouth  which  we   find  most   constantly  in   the  Crustacea.     Then  the 
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other  parts  appear  in  pairs ;  the  antennss  (b^  c),  at  first  short  and 
simple  processes,  increase  in  length,  and  their  extremities  become 
notched ;  the  mandibles  {d)  also  lengthen  and  enlarge,  particularly 
in  their  basal  portion  ;  the  labrum  recedes  from  between  the  anterior 
antennae,  and  takes  its  station  between  the  posterior :  the  eyes  (a) 
now  make  their  appearance.  All  these  parts  are,  at  first,  slight 
elevations  above  the  surface  of  the  germ.  A  cavity  is  formed  behind 
the  labrum,  which  communicates  with  the  commencement  of  the  oeso- 
phagus ;  the  tail  or  abdomen  (t)  elongates,  and  the  depression  in  its 
surface  is  converted  into  the  anus ;  the  rest  of  the  alimentary  canal 
is  a  simple  wide  sac,  which,  by  the  extension  of  the  mucous  layer  of 
the  germinal  membrane,  now  includes  the  vitelline  mass. 

The  three  anterior  pairs  of  maxillae  begin  to  show  themselves  at  a 
little  distance  behind  the  mandibles,  and  afterwards  the  fourth  and 
fifth  pairs  ;  the  last  (Jig.  137,  g  5)  increasing  in  size  more  rapidly 
tlian  the  rest.  Thus,  including  the 
eyes  (a)  and  the  two  antennae  (6,  c),  nine 
pairs  of  appendages  may  now  be  recog- 
nized, of  which  the  two  last  belong  to 
the  thorax :  the  five  posterior  pairs  of 
thoracic  members,  which  are  not,  like 
the  first  two,  developed  into  jaws,  are 
produced  in  regular  succession  from  be- 
fore backwards  from  that  portion  of  the 
body  which  is  turned  upwards,  or  the 
epimcral  elements  of  the  rudimental 
segments.     Each  pair  of  legs  at  its  first  *'**^"* 

appearance  is  exactly  similar  to  the  hindermost  maxillae  ;  these,  there- 
fore, are  retained  in  the  service  of  manducation  by  an  arrest  of  develop- 
ment. '  The  ambulatory  legs  increase  inversely  with  respect  to  the 
maxillae,  the  anterior  {Jig,  137,  h  1)  soon  acquiring  four  times  the  size 
of  the  posterior  (/*  5).  The  rudiments  of  the  future  branchiae  next 
appear  as  small  processes  from  the  base  of  each  leg.  The  seven  seg- 
ments of  the  third  division  of  the  body  may  now  be  distinguished  by 
six  transverse  furrows,  and  by  the  rudiments  of  foliaceous  appen- 
dages. Part  of  the  cephalic  segment  (m)  above  the  antennae  is  the 
basis  of  the  great  shield  which  afterwards  covers  the  whole  cephalo- 
thorax ;  it  grows  upwards  and  backwards  until  it  meets  its  fellow 
along  the  median  line  of  the  dorsal  aspect,  and  so  completes  the 
carapace. 

The  heart  {s)  appears  at  first  in  the  shape  of  a  small  compressed 
vesicle,  or  "  punctum  saliens,"   situated   near  the  junction  of  the 
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anterior  and  posterior  dirUions  of  the  body:  blood-vessels  seem 
to  be  prolonged  from  it,  and  its  palpation  speedily  becomes  dia- 
tinguisbjible.  The  nervous  system  consists  at  first  of  two  parallel 
lines,  on  each  of  which  are  eleven  minute  white  spots:  from  the 
anterior  of  thege  n  sliort  and  broad  process  passes  forwards  on  either 
side  of  the  oesophagus.  The  above  described  stages  of  development 
are  in  progress  from  the  beginning  of  April  to  the  middle  of  May, 
The  whole  of  the  organs  continue  to  ajjp roach  more  nearly  to  their*| 
mature  form.  The  brain,  liver  (r),  «nd  salivary  glands  next  make 
their  appearance.  The  outer  integument  of  the  body  is  developed 
from  the  ventral  to  the  dorsal  aspect,  and  the  yolk-laden  intestine  ii 
finally,  with  the  lieart,  walled  in  by  the  confluence  of  the  lateral 
lobes  of  the  integument  along  the  middle  Eue  of  tlie  buck. 

The  integument  is  very  soft  when  the  animal  quits  the  shell  s 
the  young  craw- fish  subsists,  at  first,  on  the  remaining  portion  of 
the  yolk,  during  which  time  its  coat  becomes  sutBciently  hardened 
to  admit  of  its  moving  about  in  quest  of  food  with  more  safety. 
The  diflerent  appendages  increase  in  length,  and  more  especially 
the  branchiae,  the  growth  of  which  is  now  remarkably  rapid. 
The  changes  of  the  interior  parts  of  the  animal,  with  the  exception 
of  the  development  of  the  sexual  organs,  consist  in  a  gradual 
adaptation  of  pnrta  already  formed  to  their  proper  functions.  The 
relative  positions  of  embryo  and  vitellus  are  the  same  in  the 
craw -fish  as  in  the  Daphnia  pnlex  and  Branchiptu  siagnalis.  The 
maxillae  present  at  an  early  period  a  considerable  resemblance  to 
those  of  the  Apus ;  the  legs,  at  the  period  when  they  are  devoid  of 
branchial  appendages,  typify  the  persistent  condition  of  the  Bran- 
chiopoda;  after  the  branchiae  are  developed,  and  before  they  are 
enclosed  in  the  branchial  chamber,  the  characteristic  persistent  con- 
dition of  the  respiratory  system  of  the  Edriophthalma  and  Stomapodm 
is  sketched  out. 

M.  M.  Audouin  and  Milne  Edwards  have  shown  that  the  successive 
rhnnges  of  development  of  the  nervous  system  of  the  craw-fish  cor- 
respond in  like  manner  with  distinct  types  of  formation  observed  by- 
them  in  its  permanent  condition  in  lower  species  of  the  class  ;  thttj 
the  two  series  of  ganglions,  which  first  indicate  the  su  hoc  soph  ageai 
central  part  of  the  nervous  system  in  the  embryo  craw-tish,  are  ana- 
logous to  the  permanent  state  of  the  nervous  system  in  the  matni 
TaiUrus.  At  a  more  advanced  period,  the  two  series  of  ganglionj 
in  the  foetal  craw-fish  approach  the  median  line  and  become  nnitef 
t/jgether  aa  in  the  abdominal  ganglionic  chain  in  the  adult  Q/mofhaa, 
We  have  seen,  that  in  the  bmchynrous  Crustacea  a  further  con 
centration  takes  place  by  the  longitudinal  blending  together  of  the 
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whole  series  of  the  suboBSophageal  ganglia,  which  clearly  indicates 
that  the  brachjurous  Crustacea  are  more  highly  developed  than  the 
macrourous  species;  contrary,  however,  to  the  opinion  of  Rathk& 
The  eyes  are  at  first  sessile  in  all  Crustacea. 

It  is  certain  that  the  raoult  of  the  young  craw-fish  is  not  at  any 
period  accompanied  by  a  marked  change  in  the  form  of  the  body,  or 
in  the  structure  and  functions  of  the  locomotive  members;  this 
Crustacean,  in  short,  undergoes  no  sudden  metamorphosis.  The 
progress  of  development  is  not  interrupted  by  arrested  phases. 

A  series  of  less  complete  observations  on  the  ova  of  a  species  of 
land -crab  {Gecarcinus)^  more  recently  published  by  Westwood*,  lead 
to  the  same  inference  in  respect  of  that  species ;  although  the  ma- 
crourous proportions  of  the  abdomen,  and  the  exposed  position  of  the 
gills  at  the  base  of  the  thoracic  legs,  obviously  unfitted  the  larva  for 
land  life,  and  demonstrated  the  necessity  for  the  parent's  migration 
to  the  sea.  Nevertheless,  this  accomplished  entomologist  coincides 
with  Rathke  in  the  general  conclusion,  that  the  Crustacea  undergo 
no  metamorphosis,  and  that  the  contrary  evidence  adduced  by 
Slabber  and  Mr.  Thompson  must  depend  on  some  erroneous  ob* 
servation. 

The  opposite  conclusions  of  both  parties  from  the  phenomena 
afibrded  them  by  the  solitary  species  examined,  may  be  compared 
with  analogous  premature  generalizations  which  might  have  been 
drawn,  in  reference  to  the  class  of  Insects,  by  the  observer  of  the 
development  of  a  cockroach  on  the  one  hand,  and  by  the  observer  of 
the  metamorphoses  of  a  butterfly  on  the  other.  As  reasonably  might 
the  one,  after'  detailing  the  progressive  development  of  the  orthop- 
terous  insect,  broach  the  inference  that  insects  underwent  no  other 
metamorphosis  than  the  gradual  acquisition  of  wings;  and,  with 
equal  reason,  might  the  other  observer  of  the  wonderful  changes  of 
the  lepidopterous  insect  affirm  them  to  be  characteristic  of  all  insects. 
It  needs  only  that  each  theorist  should  question  the  reality  of  the 
other* s  observation  to  make  the  parallel  complete.  The  failure  of 
both  to  arrive  by  so  short  and  easy  a  route  at  the  entire  truth  incul- 
cates the  necessity  of  acquiring  a  sufficient  foundation,  by  careful  and 
extensive  induction  of  facts,  before  proceeding  to  erect  the  super- 
structure of  general  theory. 

With  regard  to  the  metamorphosis  of  the  common  crab,  valuable 
testimony  in  confirmation  of  Mr.  Thompson's  discovery  has  been 
contributed  by  Capt.  Du  Cane,  R.  N.f  This  gentleman  obtained 
crabs  with  ova  under  their  tails  in  the  month  of  December,  from 
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which  the  larTst?  were  pro<!uced  in  the  months  of  March  and  April. 
The  form  under  which  they  first  appear  m  represented  in  Jiff >  ISa: 
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Lsrvft  of  Crab. 
IaTva  «(  Crab.    Flr*t  »U<«. 

they  are  then  about  half  a  line  in  length*     Soon  af^er  exclusion  tl 

larva  casts  off  its  envelope  and  ass^uincj*  the  appearance  represented 
in  Jig.  139.,  whicli  closely  correspondii  with  tiiat  zoeaeiform  Crustaceaa 
whose  farther  changes  were  witnessed  by  Thompson,  and  which  h^l 
hml  n.s^nrei!  himself  was  an  enrly  or  larval  state  of  a  common  crab. 
The  last  form  which  immediately  precedes  the  assumption  of  the 
mature  characters  corresponds,  according  to  Thompson,  with  that 
the  genus  Megaiopa^ 

The  additional  evidence  adduced,  in  1839,  by  Capt.Du  Cane  in  pr 
of  the  ftctijal  metamorphosis  of  the  Crustaccnn  in  question,  was  mo^ 
acceptable.  He  affirms  a  corresponding  metamorphosis  to  occur  in  Ihe^ 
ditch-prawn  (Pahmon  variahiUs)  and  common  shrimp  {Crangon  vul- 
garis).    Dr.  Thompson  has  witnessed  similnr  metamorplioties  in  the 
genera   Palinurus^  Sf/itHhi,  Pfujurun^  Porvtilana^    Galatea^  and  thd 
marine  species  of  Astacusy  as  well  as  in  Palemon  and  Craftgon. 

Mr.  Coneh,  a  me<lical  f»entleman  residiii^  on  the  coast  of  Cornwall, 
contiihuted  further  conformalion  in  a  paper  to  tlie  Cornish  Natural 
History  Society  in  1843%  in  which  he  de^cribe«h  with  much  care  and 
detail,  the  metamorphoses  of  the  common  crab*  The  nervous  system 
first  appears  on  the  ventral  aspect  of  the  embryo;  at  this  period  it 
agrees  in  its  arrangement  with  that  which  is  persistent  in  the 
eflriophthalma^  and  the  eyea  of  the  larval  crab  are  likewise  non 
sessile.  A  second  metamorphosis  takes  place,  when  the  eyes  become 
supported  on  long  and  thick  peduncles.  None  of  the  phenomena  are  ^ 
more  remarkable  than  that  of  the  nervous  system,  where  ten  pairs  of 
ganglia  are  consolidated  into  one  great  central  ganglion  in  the  crab. 
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With  respect  to  the  MaiOy  or  spider-crab,  also^  there  is  a  very  com- 
plete  metamorphosis.  According  to  Couch,  ia  both  kinds  of  crab  the 
larva  quits  the  ovum  in  a  form  more  strictly  aquatic  than  the  adult ; 
and  this  gives  us  an  insight  into  the  curious  law  of  the  periodical 
migrations  of  the  land-crabs  {Crtearcintu)  of  the  West  Indies  to  the 
sea. 

Brown,  in  his  '*  History  of  Jamuca,"  gives  a  graphic  account  of 
these  migrations.  About  the  month  of  February  or  March  they 
may  be  seen  in  crowds  on  their  way  to  the  sea-side,  impelled  thiereto 
in  order  to  deposit  their  ova  in  the  sea.  These  ova  have  been  ex- 
cluded from  the  oviduct,  and  are  attached,  by  the  nidamental  gluten, 
to  the  ciliated  sub-caudal  appendages  ;  and  Brown's  idea  was,  that  it 
required  the  sea  to  wash  them  off.  But  now,  as  we  know  that  tlie 
larval  land-crabs  are  natatory  and  more  especially  fitted  for  sea  life, 
we  see  the  necessity  for  the  migration  of  the  parent-crab  to  that 
element  for  oviposition. 

Finally,  the  metamorphoses  of  another  species  of  shrimp  {Caridina 
Desmarestii)  have  been  described  with  all  the  requisite  care  and 
detail  by  M.  Joly,  in  the  "  Annales  des  ^iences  Naturelles"  for 
January,  1843.  The  development  of  the  ovum,  up  to  the  period  of 
exclusion  and  attachment  to  the  maternal  ciliated  plates,  closely 
corresponds  with  that  described  by  Rathk^  in  the  AstacusJluviaHlii. 
The  first  stages  in  the  formation  of  the  rudimental  extremities,  — 
the  first  steps  in  the  definition  of  the  alimentary  canal  and  circu* 
lating  system,  were  likewise  the  same ;  the  heart  was  observed  to 
beat  thirty-five  times  in  a  minute  in  the  embryo  Caridina.  But  the 
formation  of  the  abdomen  is  anterior  to  that  of  the  antennae,  the 
labrum,  and  the  maxillse ;  and  the  ambulatory  thoracic  legs  precede 
the  masticatory  pairs  in  their  formation.  The  young  Caridina^ 
moreover,  is  bom  with  only  three  pairs  of  jaws,  and  the  represen- 
tatives of  the  ambulatory  feet  are  bifid,  like  those  of  the  M^sis^  and 
are  at  first  likewise  only  in  three  pairs.  The  abdominal  segments 
are  without  any  vestige  of  lamelliform  limbs. 

The  bifid  feet  of  the  larva  are  metamorphosed  into  auxiliary  jaws, 
and  the  later  bifid  thoracic  limbs  are  metamorphosed  into  the  ordi- 
nary ambulatory  legs.  With  respect  to  the  branchiaB,  they  are  not 
at  all  developed  when  the  young  Caridina  quits  the  ovum.  The 
first  moult  takes  place  three  days  after  exclusion  from  the  egg ;  the 
subsequent  ecdyses  are  numerous,  and  take  place  at  long  intervals. 
It  is  unquestionable  that  the  Caridina,  unlike  the  Craw-fish,  is  ex- 
cluded neither  under  the  form,  nor  with  all  the  parts  which  it  pos- 
sesses in  its  mature  shape.  It  wants,  for  example,  the  branchiae,  a 
certain  number  of  maxillae,  the  ambulatory  thoracic,  and  the  lamelli- 
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form  abdominal  feet ;  it  posseitses  neither  tUe  sqaamoas  tail  not 
complex  stomach  of  the  mature  creature. 

The  cumulative  evidence  of  the  metamorphoses  of  Crustacea  can 
no  looger  be  rejected  ;  but  their  roodifications  in  difierent  genera, 
and  the  number  of  the  exceptions  to  the  law,  like  that  prt'sented  by 
the  Asiaci4$  JftinatiiiSy  «re  yet  to  be  determined.  Here,  therefore* 
is  an  ample  field  open  to  the  researches  of  the  original  observer  i  a 
6eld  which  must  be  diligently  and  extensively  cultivated  before  it  can 
yield  the  fruits  of  true  generalisations  as  to  the  extent,  the  nature, 
and  varieties  of  the  metamorphoses  in  the  class  of  articulate  anJmab 
which  support  their  bodies  on  jointed  limbs  and  breathe  by  gills. 

Sufficient  has  been  observed  to  show,  that  if  certain  stages  of  tl 
development  of  a  higlier  Crustacean  were  arrested,  and  growtli  aloi 
proceeded  with,  an  animal  would  result  having  the  characters  of  tl 
Crustacea  of  an  inferior  order.  The  Crab  is  **anomourous''  befoi 
it  becomes  brachyurous ;  at  an  earlier  period  it  is  "  macrouroufi*"  and 
it  is  "edriophthalraous'*  before  it  becomes  **  podophthalmoua;"  all 
which  stages  typify  the  successive  forms  of  the  Crustacea,  as  they 
were  introduced  into  this  phmet.  The  entomostracous  characters 
were  never  overpassicd  by  the  Crustacea  anterior  to  the  coal  measures, 
and  the  type  of  the  Macroura  did  not  begin  to  be  departed  from 
mntil  the  period  of  the  deposition  of  the  chalk.  AH  the  decapod 
Crustacea  are,  at  first,  macroorous,  or  manifest  the  Oolitic  type ;  and 
all  Brachyura  pass  through  tlie  anomourous  or  eretaeeoua  type 
before  the  proper  brachjurous  or  tertiary  character  is  finally  ac- 
quired. But  these  resemhlances  are  general,  and  by  no  means  exact  in 
apecifio  details.  No  extinct  species  could  be  reproduced  by  arresting 
the  development  of  any  known  existing  species  of  Crustacea;  and 
every  species  of  every  period  was  created  most  perfect  in  relation 
to  the  circumstances  and  sphere  in  which  it  was  destined  to  exlsU 

Class  CRUSTACEA. 
Bodf/  articulated,  witli  articulated   limbs:   head  with   antennae: 
branchial   respiratory   organs.     Sexes   distinct.     Metamorphosis   in 
most  J  in  none  resulting  in  tixed  individuals- 
Subclass  ENTOMOSTRACA, 

Bodf/  with  more  or  fewer  segments  than  fourteen;  integument 
chitinous.     Eyes  sessile. 

Order  Trilobites. 
Abdominal   segments   tnlobed ;    limbs   rudimentary,  lamelliform, 
probably  branchial :  sessile  compound  eyes  in  most* 
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Genera  AsaphuSy  Calymene^  Bumastut^  Trinucleus,  Ogygifh  ^^ 
(all  extinct). 

Order  Xiphosuiu. 

Abdominal  segments  trilobed :  limbs  forcipated  and  lameUiform : 
branchias  lamelliform  and  abdominal:  a  sword-shaped  caadal  ap- 
pendage. 

Genus  Limulus. 

Order  Phtllopoda. 

Body  divided  into  numerous  s^ments^  with  lamelliform  branchial 
limbs.  Ejes  sometimes  confluent^  sometimes  distinct  and  subpedun- 
culate. 

Genera  Branchipus,  Apus,  LimnadiOy  Artemia, 

Order  Cladocera. 

Body  articulated,  defended  bj  a  biTalve  carapace,  and  with  mem- 
branous lamelliform  branchial  limbs.     Eyes,  in  most,  confluent. 
Grenera  Daphniay  Evadne, 

Order  Ostrafoda. 

Body  obscurely  articulated,  defended  bj  a  biyalve  carapace,  with 
natatory  limbs.     Eyes  confluent 
Genera  Cypris,  Lynceus. 

Order  Copepoda. 
Body  distinctly  articulated,  with  many  pairs  of  natatory  limbs ; 
females  with  external  pendent  ovisacs. 

Genera  Cyclops,  CyclopsifM,  AnomalocerOy  Calanus. 

Sub-class  MALACOSTRACA. 
Body  divided  into  thorax  and  abdomen,  with  seven  segments  in 
each. 

Division  EDRIOPHTHALMA  (with  sessile  eyes :  no  carapace). 

Order  L^modipoda. 
Abdomen   rudimentary-;    palp  of  thoracic   limbs  vesicular  and 
branchial. 

Genera  CyamuSy  Caprella,  Leptomeray  Aegina. 

Order  Isopoda. 
Abdomen  normal,  with  branchial  limbs :  thoracic  limbs  subequal, 
uncinated,  with  basal  marsupial  plates  in  the  female. 

Genera  Cymothoa,  Spharomoy  Idotea,  AseUus,  Oniscus,  Bopyrus. 
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Order  A^MPmroDA. 


AhdonuTi  terminated  by  j^altatory  or  natAtorj  appendages :  tlioraele 
limbs  uneqaal,  with  basal  vesicular  branchial  nppendages. 

Genera  AmphUhoe,  Talitnts,  Gammartu^  Hyperia^  PhroninuM^ 
Vibilia. 

Division  PODOPHTHALMA  (with  eye-stalks,  and  a  cephalo- 
thomcic  carapace). 

Order  Stomapoda, 

Branchim  exposed,  usually  tufted,  attached  to  the  abdominal  and 
(in  some)  to  a  few  of  tlie  thoracic  limbs:  rarely  abortive. 

Genera  Phi/lhsoma,  Amphion^  MtfsU^  Lucifer^  Cynthia^  Alima^ 
SquHla, 

Order  Decatod.!. 

BranchiiE  in  cavities  at  the  sides  of  the  thorax :  Erst  two  thoracic 
limbs  ^rving  as  jaws:  the  other  five  chelate,  uncinate,  with  the  last 
pair  sometimes  lamellate.     Crust  commonly  calcified. 

Tribe   Macroura,     (Abdomen   long,  with  lamelliform  limbSi  and 
terminated   by  a  natatory  appendage.     An- 
tennae long.) 
Genera  Pertaus,  Aiphem^  Caridina,  HlppolUe^  PhJcEmon,    Gthia^ 
CalUanassa^    Crangon^    Nephrops^    Astacus^    HomaruSf    Palinurus^ 
Scyllanig^  Gahith^a, 
Tribe  Anomoura,  (  Abdomen  moderately  long,  not  a  natatory  organ. 

Antennte  long.) 
Genera  Pagurusy  Birgust  Porcellanfiy  Remipes,  RaninOj  Homola^ 
LiihadeSj  Drotnia^  Dorippe, 

Tribe   Bracht^ura,     (Abdomen  short,  bent  beneath  the  thorax. 

Antennae  short.) 
Genera  A-  3Iatttta^  Calappa^  Leftcosta ;  B.  Pinnoiheres,  Grapsus^ 
Gelasimus,  Oej/poda^  Gecarcinm,  Thefphtisa  ;  C.  Purtunus^  Cancer  i 
D*  Maia^  Inachus. 


LECTURE   XVI. 
nrsECTA. 


Although  spontaneous  locomotion  is  the  peculiar  attribute  of  the 

Animal  Kingdom,  we  have  seen  that  the  lowest  members,  the  Zoophy- 
tes as  they  were  termed,  were,  for  the  most  |>art,  fixed  and  rooted 
like  plants  :  we  have  seen  that  the  first  manifestations  of  locomotion 
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of  the  feeUeet  and  rimpIeBt  chartcter,  a  rowing  of  the  bodj 
Anragli  an  element  of  eqoal  densitj  with  itself,  or  a  trailing  of  the 
bodf  along  the  ground,  whieh  aopported  it  at  every  point  As  we 
•dTanced  to  the  snnrey  of  the  Articulate  series  of  animals,  we  saw 
tlie  integament  progressiTely  hardened ;  divided  into  segments  which 
were  nnited  bj  flexible  joints  ;  at  length  supported  upon  moveable 
jointed  limbs,  consisting  of  hollow  columns  of  integument  compacted 
into  a  dense  exterior  cms^  capable  of  serving  the  office  of  levers  and 
fnlera,  whereby  the  animal  could  raise  its  belly  from  the  dust,  and 
swiftly  traverse  the  surface  of  the  ground. 

We  now  come  to  a  class  of  Ariieulata  in  which  the  highest  problem 
of  animal  mechanics  is  solved,  and  the  entire  body  and  its  appendages 
can  be  liOted  from  the  ground  and  be  propelled  through  the  air.  The 
species  which  exgoy  this  swiftest  mode  of  traversing  space  breathe 
the  air  directly :  but  their  organs  of  respiration  are  peculiarly  modi- 
fied in  relation  to  their  powers  of  locomotion  %  they  consist  of  innu- 
merable trache®  commencing  from  lateral  pores  called  stigmata,  or 
bj  anal  tubes,  which  are  ramified  through  and  over  every  tissue  and 
organ  of  the  body.  The  nervous  system  is  homogangliate ;  the  organs 
of  sense  include  two  jointed  antennas  and  two  compound  eyes ;  the 
skeleton  is  principally  external,  and  cut  deeply  into  segments,  whence 
the  name  of  the  class  Insecta. 

Not  every  Insect,  however,  has  the  power  of  flight,  nor  any  Insect 
save  in  its  last  and  most  perfect  state ;  many  undergo  most  remark- 
able transformations  before  they  acquire  their  wings,  and  although 
some  Insects,  which  ultimately  are  so  endowed,  undergo  a  less  amount 
of  change,  yet  the  metamorphoses  are  always  least  remarkable  in  the 
apterous  species. 

Of  these  lowest  members  of  the  class  of  Insects,  many  have  more 
than  three  pairs  of  legs,  have  sometimes  indeed  eighty  pairs  and 
upwards  in  their  mature  state :  metamorphic  development  exhausts 
itself,  as  in  the  Anellides,  in  the  successive  acquisition  of  new  seg' 
ments  *  and  legs  in  addition  to  those  which  previously  or  originally 
existed ;  these  Insects  are  therefore  termed  Myriapoda, 

True  or  Hexapod  Insects  have  thirteen  rings ;  one  for  the  head,  three 
for  the  thorax,  and  nine  for  the  abdomen.  Certain  flying  Insects 
in  their  early  or  larval  state  present  several  pairs  of  rudimental  feet, 
in  addition  to  those  attached  to  the  first  three  segments  succeeding 
the  head ;  but  no  true  Insect  in  its  mature  state  has  more  than  the 
three  pairs  of  articulated  limbs  just  indicated. 

•  Always,  as  De  Geer,  Savi,  and  Newport  have  shown,  developed  between  the 
penultimate  and  anal  segments. 
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The  common  or  typical  number  of  articulated  legs,  tlierefore,  %t 
this  class,  is  stjc  i  disposed  in  three  pairs  developed  exclusively  fron 
the  thorax.     In  the  Crustacea  we  saw  that  the  number  waa  greaterj 
and  that  the  limbs  were  develop^*!  from  the  abdominal  as  well  as 
from  the  thoracic  segments  of  the  trtink.     Such  is  the  case  also  with 
the  Myriapodous  Insects;  but  these  breathe  the  air  directly  by  means 
of  trachea*,  not  by  gills,  and  they  have  only  one  pair  of  antenme: 
they  likewise  manifest,  as  we  shall  find,  the  typical  Hexapod  characte 
in  their  larval  state,  —  a  period  during  which,  as  in  the  Cirripetls,! 
Epizoa,  and  Acalephse,  the  Myriapod  shows  more  of  its  true  natmc 
and  is  more  in  accordance  with  the  common  type  than  during  its  final 
and  oviparous  stage. 

Taking,  however,  a  survey  of  the  tracheal  air-breathing  Articulatu 
under  their  mature  condition,  they  present  more  important  character 
in  common   than   any   which  indicate  an  afiinity  to  the  gill-bearing 
classes ;  and  we  find  them  offering  the  same  ground  for  a  primar 
division  as  the  Crustacea  did,  viz.,  in  the  number  of  the  segments  of 
the  body. 

This  nural>cr  is  constant  and  definite  in  the  higher  and  typii 
members  of  the  group,  in  which  it  is  neither  more  nor  less  than" 
thirteen  :  in  the  rest  it  exceeds  thirteen,  and  is  variable. 

There  is  no  distinction  between  thorax  and  abdomen  in  the  indefi- 
nitely-jointed division  ;  and  all  the  segments,  save  the  tirit  and  last/ 
support  jointed  limbs.     The  Iklyriapoda  I  regard  as  a  group  equiva- 
lent in  the  tracheal  Articulata  to  the  Entomositraca  in  the  branchial] 
Articulata ;  and,  like  them,  they  are  the  lowest  organised,  and  thej 
least  numerous  and  varied  of  the  two  divisions  of  their  primary  group.. 
The  Myriapodous  sub-class  is  divided,  according  to  modifications  of 
the  mouth,  into  Chilognatka  and  Chtlopoda^  answering  to  the  genera  | 
lulm  and  Scolopendra  of  Linnseus^  who  first  detected  these  natural 
divisions. 

The  Ilexapod  Insects  may  be  classified, — 

1st,  According  to  the  phenomena  of  their  development  ; 

2nd,  According  to  the  structure  of  their  mouth  ;  or 

8rd.  According  to  the  nature  of  their  wings. 

Agreeably  with  the  first  character  they  would  be  divided  into,— ^ 

Ametaholii,  or  thotie  that  undergo  no  metamorphosis  ; 

Hemimctahola,  or  those  that  undergo  a  partial  metamorphosis;  and] 

Mefabola,  or  those  that  undergo  a  complete  metamorphosis. 

According  to  the  modifications  of  the  trophi,  instrumenta  cibaria,] 
or  oral  organs,  the  Hexapod  Insects  are  divisibk^,  like  tlii*  Myriapod?,] 
into  two  groups,  viz,,  the  Ilaustellata  or  suckers,  and  the  Mundihu*  ] 
laia^  or  chewers  and  biters. 
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Bat  tliis  binary  division  is  insufficient  for  the  general  propositions 
which  the  comparative  anatomist  has  to  enunciate ;  and  I  take, 
therefore,  the  third  kind  of  characters,  the  value  of  which  was  first 
fullj  discerned  by  Linnseus,  viz^  that  founded  upon  the  organs  of 
flight  Those  Hexapod  Insects  which  are  devoid  of  wings  are  called 
Aptera  ;  those  with  two  wings  only  are  the  Diptera.  All  the  rest 
have  four  wings.  The  Lepidoptera  have  four  scaly  wings;  the 
Hymenoptera  have  four  veined  wings,  crossing  each  other  when  at 
rest ;  the  Hemiptera  have  one  pair  of  wings  partially  thickened,  and 
called  hemelytra;  the  Orthoptera  have  one  pair  of  wings  wholly 
thickened,  the  other  folded  lengthwise  ;  the  Coleoptera  have  one  pair 
wholly  and  much  thickened,  called  elytra,  and  the  other  pair  folded 
crosswise;  the  Neuroptera  have  four  reticulated  wings;  the  Stre' 
psiptera  have  one  pair  of  wings  nidimental  and  curled  up.  In  the 
Aphaniptera  both  pairs  are  rudimental  and  functionless  as  wings. 
Of  these  orders  the  first  five  are  '*  haustellate ;  **  the  next  four 
are  '*  mandibulate."  The  Aptera  are  ametabolian ;  the  Hemiptera 
and  Orthoptera  are  hemimetabolian  ;  the  remaining  orders  are  *'  me- 
tabolian."  These  characters,  therefore,  briefly  and  succinctly  express 
the  highest  generalisations,  as  yet  reached,  relative  to  the  Hexapod 
Insecta. 

Although,  typically,  the  Hexapods  have  thirteen  segments,  in 
the  last  stage  of  the  metabolian  orders,  one^  two,  or  three  segments 
may  become  blended  together;  and  although  we  reckon  the  head 
as  a  single  segment,  the  number  of  jointed  appendages  which  it 
supports,  under  the  name  of  antennsd,  mandibulae,  maxillae^  palpi,  &c., 
indicates  that  here,  as  in  the  Crustacea,  it  consists  essentially  of 
several  coalesced  segments. 

With  regard  to  the  orders  of  the  Myriapoda,  the  Chilognatha  have 
two  biarticulate  mandibles,  without  palpi,  armed  with  imbricated 
teeth  planted  in  a  cavity  at  the  upper  extremity  of  the  mandible ; 
they  have  also  a  kind  of  lip  situated  immediately  beneath,  and 
covering  the  mandibles,  notched  into  four  divisions,  and  answering 
to  the  two  pairs  of  maxillae  of  the  Crustacea ;  whence  the  name  from 
the  Greek,  signifying,  "  feeding  by  jaws."  The  lulus,  or  Gally- 
worm  (Jig,  140),  is  a  type  of  this  order.  The  Chilopoda  have  the 
mouth  composed  of  two  mandibles,  with  a  small  palp ;  a  quadrifid 
lip,  also  the  homologue  of  the  crustaceous  maxillae  confluent ;  two 
labial  palpi,  hooked  at  the  tip;  and  a  second  pair  of  jaws,  or  foot 
jaws,  —  the  obvious  homotypes  of  feet,  —  terminated  by  a  strong 
hook,  moveable,  and  pierced  beneath  the  extremity  by  a  poison- 
duct.  The  Centipede  (Scolapendra)  is  the  type  of  this  order  of 
Myriapods,  which  "  feed  by  feet.** 


Every  Insect  has  a  distinct  head  {Jttj.  140, 141,  a\  provided  with  one 
pair  of  antennffi  (£?),  and  every  true  or  llexapod  Insect  has  its  trunk 
divided  into  tvro  regions,  called  thorax  {d,f^  4)  and  abdomen  (a&)* 
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The  thorax  is  interposed  between  the  head  and  the  abdomen,  and 
BO  far  is  analogous  to  that  part  in  human  anatomy ;  but  it  has 
neither  the  same  relation  to  the  contained  viscera  nor  to  the  locomo- 
tive extremities  which  characterises  the  thorax  in  the  vertebrate 
animals.  To  the  Insect's  thorax  are  attached  all  the  locomotive 
members ;  both  the  first  pair,  which  may  be  compared  with  the  pec- 
toral extremities  of  the  vertebrate  animal,  and  the  last  pair*  wltich 
are  analogous  to  the  pelvic  members,  as  well  as  the  middle  pair,  to 
which  there  is  no  correlative  in  the  vertebrate  series.  This  centre  of 
the  locomotive  powers  is  divided  into  three  segments,  which  corre- 
spond with  the  three  pairs  of  legs :  the  first  segment  is  termed  the 
**  pro-thorax '*  (rf),  the  second  the  "  meso-thorax  "  (/),  and  the  third 
the  "  me ta- thorax "  (i).  Each  of  these  seg-raents  has  a  dorsal  and  a 
sternal  piece:  the  dorsal  half-rings  are  called  respectively  "prono- 
turn,**  **  mesonotum,**  and  '*  raetaiiotum  ; "  the  ventral  or  sternal  arcs 
bear  the  corresponding  termi?,  "  prostcrnum,"  "  mesosternum,**  and 
*♦  metasternum,"  From  the  inferior  arches  of  the  segments,  the  legs 
(c,  A,  h)  are  developed,  or  with  them  they  are  principally  articulated, 
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like  the  legs  of  the  Crustacea  and  the  ventral  oars  or  setigerous 
prolegs  of  the  Anellides.  In  the  flying  Insects  there  are  developed 
from  the  dorsal  arches  of  the  middle  and  third  segments,  locomotive 
appendages  which  constitute  the  wings  (gj)- 

It  must  not  bo  supposed  that  the  parts  of  the  thorax  which  have 
just  been  described  are  naturally  or  uniformly  separate,  and  moveably 
connected  with  one  another ;  they  are  more  commonly  confluenti  but 
in  different  degrees  in  different  families,  so  as  more  or  less  to  ob- 
scure the  primitive  traces  of  their  original  distinctness,  which  can 
only  be  demonstrated,  as  has  been  done  by  Macleay,  Audouin,  Bur- 
meister,  and  others,  by  an  extended  comparison  of  the  thorax  in  the 
whole  class  of  Insects,  or  by  tracing  its  development  and  modifications 
during  the  various  stages  of  the  metamorphoses.  When  the  compo- 
sition  of  the  thorax  of  an  Insect  is  thus  studied,  it  is  found  to  be 
made  up  of  not  less  than  fifty-two  pieces,  which  have  for  the  most 
part  received,  and  necessarily,  distinct  names  in  Entomology,  and 
many  of  them,  very  unnecessarily,  more  names  than  one. 

The  abdomen  is  usually  formed  of  a  greater  number  of  segments, 
always  nine  in  the  larva,  which  retain  a  greater  degree  of  mobility 
upon  each  other ;  but  it  supports  no  locomotive  appendages  in  the 
Hexapod  Insects. 

The  tissue  of  the  external  skeleton  is  of  a  dense,  resisting,  but 
light  material ;  it  looks  and  feels  like  horn,  but  it  has  for  its  base  a 
peculiar  substance  called  "  chitine,"  which,  like  the  "  cellulose  **  of 
plants,  is  insoluble  in  caustic  potash,  and  retains  its  form  like  charcoal 
when  submitted  to  a  red  heat ;  but  it  contains  nitrogen.  The  articu- 
lated appendages  consist,  like  the  segments  of  the  trunk,  of  hollow 
cases  or  tubes  of  the  same  firm  and  slightly  flexible  substance; 
which  tubes  contain  the  muscles,  nerves,  and  other  soft  parts  in 
their  interior.  The  integument  is  softer  and  more  yielding  in  larvss, 
flies,  and  most  parasitic  insects :  it  is  thickest  and  hardest  in  the 
burrowing  beetle  tribe,  in  which  the  flexi}>le  property  is  limited  to 
the  joints  of  the  segments  and  their  appendages.  Uncalcified  chitine 
is  always  more  or  less  elastic,  and  no  tissue  could  be  better  adapted  to 
enable  a  light  flying  animal  to  resist  external  violence  than  that 
which  constitutes  the  seeming  horny  case  of  Insects.  It  consists  of 
three  layers,  epidermal,  pigmental,  and  dermal ;  the  derm  and  epiderm 
more  closely  resemble  each  other  in  physical  properties  than  in  other 
animals:  they  are  separated  and  cemented  together  by  sometimes 
two  distinct  coloured  layers  of  rete  mucosum ;  but  the  pigmental 
matter  is  often  combined  with  the  dense  chitine.  The  hairs,  spines, 
and  scales  are  processes  of  the  epiderm,  which  often  include  a 
coloured  substance:   the  bulbs  of  the  hairs  are  imbedded  in  the 
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movements,  may  be  termed  arthrodial.  fn  Insects  of  flight,  the 
cavity  of  the  thorax  is  almost  entirely  occupied  by  the  muscles  of  the 
wings.  There  are  two  extensor  and  several  email  pairs  of  Bexor 
muscles,  which  arise  from  tUo  ineso-  and  meta-thorax,  and  are*  in* 
serted  into  a  process  at  the  base  of  each  wing.  The  muscles  of 
the  legs  have  similar  fulcral  processes,  but  longer,  like  tendons; 
they  are,  however,  ch  id  no  us  apodemata  of  the  external  skeleton. 
The  muscular  fibre  is  transversely  striated,  and  is  also  charaC- 
terised  by  a  second  series  of  transverse  indentations  at  regular  but 
wider  intervals. 

The  wings  of  Insects  are  essentially  flattened  vesicles,  sustained  hy 
slender  but  firm  hollow  tubes  called  "nervures,*^  along  whicb  branches 
of  the  trachesE,  and  channels  of  the  circulation,  are  continued.  The 
wings  never  exceed  two  pairs,  which  are  developed  from  the  meao- 
notum  and  metanotum.  Sometimes  one  or  other  of  these  pairs  is 
wanting.  The  wings  present  many  varieties  in  their  shape,  their 
consistence,  and  their  teguments.  When  they  subserve  flight,  they 
are  thin  and  transparent ;  or,  if  opnke,  are  rendered  so  by  an  imbri- 
cated clothing  of  most  delicate  scales,  which,  when  detached,  resemble 
the  pollen  of  flowers.  In  certain  insects,  especially  those  that  bur- 
row, the  first  pair  of  wings  become  thick,  hard,  and  opake,  forming  a 
kind  of  shield  to  the  back ;  they  are  called  '*  elytra,'*  and  cover  the 
posterior  pair  of  membranous  wings  when  these  are  not  expanded 
for  flight.  Sometimes  the  anterior  wings  are  membranous  at  their 
extremities,  hard  and  opake  at  their  base,  when  they  are  called 
•*  hemelytra,"  When  the  hinder  pair  of  wings  is  wauling,  it  is  re- 
placed by  a  pair  of  rudimentul  appendages  called  balancers :  other 
modifications  of,  or  appendages  to,  the  wings  have  been caUed** alulae" 
and  "patagia." 

The  Orders  of  Insects  being,  as  before  remarked,  founded  upon 
the  modifications  of  the  wingH,  the  chief  of  these  are  best  exemplified 
by  recapitulating  the  ordinal  characters.  Those  Insects  in  w^hich  the 
first  pair  of  wings  are  hard,  inftexible,  and  serve  as  sheaths  (elytra), 
and  the  second  alone  are  used  for  flight,  and  are  folded  transversely 
when  at  rest,  constitute  the  order  Cofeoptera :  these  insects  undergo 
complete  metamorphosis,  and  are  subdivided  according  to  the  number 
of  joints  of  the  tarsi.  Beetles  and  most  burrowing  Insects  belong  to 
this  order. 

Those  Insects  in  which  the  anterior  pair  of  wings  are  converted 
into  elytra,  of  less  density  than  in  the  Cokoptcra,  and  in  which  the 
posterior  wings  are  folded  longitudinally  when  at  rest,  constitute  the 
order  Orthoptera :  they  are  said  to  undergo  a  semi-metamorphoslB, 
the  chief  change  being  the  ncqui&itign  of  wings.     This  order  in- 
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eludes  the  most  voracious  and  destructive  insects,  as  the  Locust, 
Cockroach,  &c. 

Those  insects  which  have  hoth  pairs  of  wings  membranous,  trans- 
parent, strengthened  by  numerous  nervures,  and  finely  reticulated, 
form  the  order  Neuroplera^  which  includes  the  highest  organised 
insects,  as  the  predatory  dragon-flies. 

The  insects  which  have  four  membranous  wings  simply  veined,  and 
crossing  each  other  horizontally  when  at  rest,  form  the  order  Hyme- 
noptera :  they  undergo  a  complete  metamorphosis^  and  include  the 
most  useful  of  insects,  e,  g.^  the  bee. 

The  insects  with  four  wings,  more  or  less  clothed  with  minute 
scales,  are  called  Lepidoptera :  they  ^^^ 

undergo  complete  metamorphosis, 
and  include  the  most  beautiful  spe- 
cies of  the  class,  as  the  butterflies  : 
in  one  family  of  this  order  the  wings 
are  divided  lengthwise  into  a  num- 
ber of  feathered  pieces,  which  ra- 
diate from  the  body  like  the  stems  pterophonu 
of  a  fan  {Jig.  143). 

The  insects  which  have  the  anterior  pair  of  wings  in  the  condition 
of  the  hemelytra,  form  the  order.  Hemiptera ;  but  certain  genera 
have  the  dense  part  of  the  anterior  wings  reduced  to  so  small  a  strip, 
that  they  are  scarcely  distinguishable,  except  by  size,  from  the  pos- 
terior pair,  and  these  insects  constitute  a  section  of  the  order  termed 
Homoptera, 

A  few  remarkable  genera  of  insects  have  the  anterior  pair  of 
wings  reduced  to  small  or  rudimental  elytra,  and  the  posterior  pair 
unusually  large,  and  folded  longitudinally,  like  a  fan  when  at  rest 
The  anterior  wings  being  reduced  to  minute  appendages  twisted 
spirally,  the  Order  has  been  hence  termed  Strepsiptera.  The  spe- 
cies, in  their  larval  state,  are  parasitic  on  the  bee  tribe. 

The  order  Diptera  is  characterised  by  the  development  of  the  an- 
terior pair  of  wings  into  organs  of  flight,  and  the  retention  of  the 
hinder  pair  in  the  condition  of  minute  clavate  appendages,  usually 
called  the  '*  balancers."  The  prothoraz  and  metathorax  are  rudi- 
mental whilst  the  mesothorax  is  disproportionately  large  to  form  the 
required  space  for  the  powerful  muscles,  which  execute,  through  the 
two  anterior  wings,  the  function  of  flight. 

In  almost  every  Order  of  Insects  there  are  species,  or  there  are 
individuals,  as  the  females  of  particular  species,  which  are  apterous  ; 
but  since  the  time  of  Aristotle,  who  divided  insects  primarily  into  the 
"  winged,"  PtilotOy  and  the  "  wingless,*'  Aptera^  most  of  the  hexapod 
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insects  flevoid  of  wing&  bare  been  artiiicially  grouperl  together.     Co- j 
vier  and  Latreille  divide  the  Apterous  Insects  into  three  tribes,  the 
Sucioria  (fleas),  the  Parnsifa  (Hoe,  including  the  Pediculus  cqpifix 
and  Pthims  hiffitinaHs  of  the  human  species),  and  the  ThysanourOf  \ 
including  the  Lepisma  and  Podura  or  skip-tails. 

The  grand  and  characteristic  endowment  of  an  insect  is  its  wings ;  j 
every  part  of  the  ori^anisation  is  modified  in  siibserviencj  to  the  full 
fruition  of  these  instruments  of  motion.       In  no  other  part  of  the 
Animal  Kingdom  is  the  mechanism  for  flight  so  perfect,  so  apt  to 
that  end,  as  in  the  class  of  insects.      The  swallow  cannot  match  the 
dragon-%  in  its  aerial  course  ;  this  insect  has  been  seen  to  outstrip  i 
and  elude  its  swift  pursuer  of  the  feathered  class:  nay,  it  can  do  j 
more  in  the  air  than  any  bird,^ — it  can  fly  backwards  and  sidelong,  to  I 
right  or  left,  as  well  as  forwards,  and  niter  it«  course  on  the  instant  I 
without  turning. 

Now  what  are  these  "  limber  fans,"  that  give  the  little  articukte 
animals  such  command  over  aerial  space  ?    I  do  not  mean  their  struc- 
ture or   composition  ;    the  anatomical   question   lias   been   already 
answered.     I  do  not  ask  for  their  analogy;  that  is  rightly  expressed 
by  their  common  name  ;  they  have  the  same  relation  to  the  insect  as 
instruments  of  motion,  which  the  feathered  wing  bears  to  the  bird. 
But  what  is  their  essential  nature,  or  with  what  are  the  wings  of  the 
insect  homologous?    Are  they  modified  anterior  limbs,  like  the  wings i 
of  bats  and  birds  and  flying-fishes  ?     Not  so,  for  they  co-exist  with' 
and  are  superadded  to  the  jointed  anterior  pair  of  legs.     Are  they 
such  expansions  as  form  the  parachute  of  the  little  dragon  {Dracoi 
rolans)?     These  do,  indeed^  co-exist  with  arras  and  legs,  but  theyj 
consist  of  a  fold  of  integument  stretched  out  upon  elongated  and^ 
Btraightened  ribs,  which   are  appendages  of  a  vertebral   column. 
But  an  insect  has  no  vertebral  column,  no  true  internal  skeleton.! 
The  strong  and  numerous  nervures  which  sustain  the  thin  alar  mem-| 
branes  of  the  Lihelkda  are  articulated  processes  of  the  external  chi- 
tinous  tegument. 

A  circulation  can  be  traced  through  these  membranes,  at  leiLst  in 
their  early  and  softer  state;  air-vessels  are  abundantly  spread  over 
the  supporting  frame-work :  the  winga  of  the  Lepidoptera  appeal! 
after  the  third  moult,  as  tegumentary  flattened  vesicles,  soft,  and 
permeated  by  tracheal  and  when  fully  expanded  in  the  inmgo,  tliej 
must  still  take  their  sliare  in  the  business  of  respiration.  Nay,  it  ha« 
been  found  that  the  rudi mental  wings  of  the  pupie  of  ccrtnin  wateff 
inseet^  are  the  gilla  of  such  ;  they  perform  the  same  function  as  thfl 
very  similar  membranous  and  vascular  tegumentary  expansiuns  in 
certain  Anellides  (sen  /?/;,   lOh")  ;  which  expansions  are  dcvelopedj 
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as  in  the  larvae  of  the  Ephemera,  from  tlie  tergal  arch  of  the  segment, 
and  co-exist  with  rudimental  legs  from  the  ventral  arch  of  the  same 
segment. 

Well,  therefore,  has  the  deep-thinking  Oken  *  called  the  wings  of 
insects  "  aerial  gills ; "  thej  are,  in  fact,  the  homologues  of  the  tergal 
branchiae  of  the  vermiform  Articulata,  raised  to  a  higher  function  in 
correlation  with  a  generally  transmuted  state  of  the  rest  of  the  orga- 
nisation, which  is  advanced  to  the  utmost  perfection  of  which  the 
Articulate  type  of  structure  is  susceptible.  And  have  we  not  already 
seen  the  membranous  aliform  branchiae  of  the  beetle  protected,  like 
the  gills  of  the  lobster,  by  an  elytral  carapace  developed  from  a  more 
advanced  segment  ?  Have  we  not  likewise  found  the  metamorphosed 
branchial  wings  of  the  Pterophora  subdivided  lengthwise  like  the 
tufted  tergal  gills  of  the  Nereis  ? 

The  air-breathing  articulated  animals  with  jointed  legs  offer  a 
close  correspondence  with  those  that  respire  by  gills  in  the  progres- 
sive steps  of  complication  of  the  nervous  system  and  the  order  in 
which  those  steps  succeed  each  other.  The  lowest  insects,  like  the 
lowest  Crustaceans,  resemble  the  worms,  in  the  great  length  and 
slenderness  of  their  body,  and  in  the  uniform  size,  shape,  and  number 
of  the  constituent  segments.  In  the  lulus  {Jig.  140.),  whose  very 
short  and  numerous  rings  support  each  two  pairs  of  rudimental  legs, 
the  corresponding  ganglions  of  the  abdominal  chords  are  much  less 
conspicuous  than  in  the  earth-worms,  and  the  whole  central  axis  of 
the  nervous  system,  continued  from  the  brain,  is  almost  as  devoid  of 
partial  swellings  as  the  spinal  chord  of  the  apodal  vertebrate.  It 
lies,  however,  as  in  other  Articulata,  on  the  opposite  side  of  the 
body  to  that  in  which  the  brain  is  situated. 

The  cephalic  ganglion  (Jig,  144,  a)  of  the  lulus  is  transversely 
elongated,  and  obscurely  divided  by  a  slight  median  indentation  into 
two  side-lobes :  its  upper  and  latter  extremities  are  prolonged  out- 
wards into  the  short  and  thick  optic  nerves  (c,  c),  which  resolve 
themselves  half  way  towards  the  compound  eye  into  a  plexus  of  fila- 
ments for  its  several  divisions.  Two  separate  antennal  nerves,  con- 
jectured by  Straus  to  be  motory  and  sensory  (rf,  J),  are  sent  oflf  on 
each  side  below  and  in  front  of  the  optic  nerves  to  the  short  seven- 
jointed  antennae.  On  each  side  also,  but  below  the  antennal  nerves, 
arise  the  two  nerves  (I))  united  together  by  an  anastomosing  branch 
which  supply  the  palpless  mandibles. 

The  thick  oesophageal  chords  {g)  are  continued  from  the  posterior 
and  inferior  angles  of  the  brain ;  and,  though  apparently  simple, 

*  Nator.  Pbilosophie,  2d  Ed.  p.  418. 
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consist  essentially  of  two  chords,  which  become  separate  at  the  lower 
part  of  the  pharynx  :  the  anterior  chord  girts  the  pharjnx  by  »  trana- 
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Tersely  oval  ring,  formed  by  its  confluence  with  its  fellow ;  the  pos- 
terior and  normal  columns  converge  at  an  acute  angle  backwards, 
blend  together,  and  expand  into  the  commencement  of  the  abdomlnul 
nervous  trunk  ;  tlius  inclosing  the  nc?ophiigiis  by  a  second  and  looser 
collar.  The  closer  anaatomotic  ring;  is  homologous  with  that  formed  by 
the  transverse  eommissurul  hand  of  the  oesophageal  chords  in  the 
lobster  and  limukis ;  and  probably  also  to  the  anterior  nervous  ring 
diacovered  by  Lyon  net  in  the  Cossiis  ligniperda.  The  stoma  to-gastric 
nerves  which  arise  from  the  posterior  part  of  the  brain  imme- 
diately form  a  third  slender  ring  (e),  about  the  oesophagus,  from  the 
middle  of  the  upper  part  of  which  the  trunk  of  the  stomato-gastric 
system  (f)  is  continued  a  short  way  hack  upon  the  stomach,  when  it 
divides;  the  two  divisions  diverge  at  an  angle  of  45^»  bend  abruptly 
backwards,  and  run  parallel  with  each  other  along  the  dorso-lateral 
parts  of  the  wide  and  straight  alimentary  canal. 

Two  large  nerves  (A)  are  aent  forwards  from  the  beginning  of  the 
thick  suboesophageal  or  ventral  chord  (f,  t),  to  supply  the  confluent 
maxillte,  which  form  the  under  lip :  the  nerves  of  the  two  single 
paira  of  feet,  belonging  to  the  thoracic  segments,  next  arise,  and 
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afterwards  the  more  nnmerous  minute  nerves  to  the  little  feet,  which, 
by  their  articulation  to  the  segments  in  double  pairs,  indicate  such 
segments  to  be  severally  a  confluence  of  two.  The  simplicity  of  the 
abdominal  chords  corresponds  with  the  close  approximation  and 
great  numbers  of  the  organs  from  which  they  receive  impressions 
and  to  which  they  transmit  stimuli.  The  analogy  of  this  exceptional 
condition  of  the  abdominal  chord  or  nervous  axis  in  the  lulus  to  the 
dorsal  spinal  chord  of  the  Yertebrata,  is  as  instructive  as  is  that  of 
the  equally  exceptional  ganglionic  condition  of  the  spinal  chord  in 
the  Tetrodon  amongst  fishes  to  the  normal  abdominal  knotted  chords 
in  the  Articulata,  in  tracing  their  mutual  relations  to  each  other. 

The  segments  of  the  Polydesmus  are  relatively  fewer  and  larger 
than  in  the  lulus,  and  their  lateral  margins  are  produced:  each, 
however,  with  the  exception  of  the  first  three,  which  answer  to  the 
thorax  in  hexapod  insects,  supports  two  pairs  of  legs :  but  these  are 
longer  than  in  the  lulus.  Accordingly  we  find  the  sub -abdominal 
nervous  chords  (Jig,  145,  t),  which  show  as  little  trace  of  their  median 
separation  as  in  the  luli,  swelling  into  two  slight  enlargements  (^,  g) 
opposite  each  of  the  abdominal  segments  :  two  nerves  are  sent  off 
from  either  side  of  each  enlargement,  and  the  anterior  of  these  four 
pairs  of  nerves  is  directed  at  an  acute  angle  forwards  and  outwards 
to  the  stigmata :  the  remaining  pairs  supply  the  muscles  145 
of  the  segment  and  the  legs,  and  are  of  equal  size. 

In  the  Centipede,  a  series  of  equal  and  equidistant     \ 
ganglia  is  developed  upon  the  ventraJ  surface  of  the  two 
abdominal  chords.     Only  in  the  first  and  last  of  the  ab- 
dominal ganglions  can  any  modification  of  size  be  de-     ^ 
tected.     The  anterior,  or  sub-oesophageal  ganglion,  for    ^ 
example,  is  larger  than  the  rest,  having  to  supply  the     ^ 
modified  legs  which  perform  the  function  of  jaws  and 
under  lip ;  the  chords,  diverging  as  they  escape  on  each 
side  of  the  oesophagus,   enclose  it  by  uniting  with  the 
large  bilobed  ganglion,  or  brain  above.     The  nerves  from 
this  part  supply  the  large  antennae  and  the  aggregated 
ocelli.     In  the  structure  of  the  abdominal  columns  a  tract    y^ 
less  closely  connected  with  the  ganglionic  nerves  may    ^ 
be  traced  along  their  dorsal  aspect.  This  was  first  pointed     ^ 
out   by  IVIr.  Newport,  who  attributes  to   it    the  motor 
function.     A  large,  vascular  trunk,  connected  also  with    Poiy<ie»mu«. 
the  dorsal  aspect  of  the  nervous  system,  has  been  regarded  as  part 
of  the  nervous  system ;  by  some  as  a  motor,  by  others  as  a  respiratory 
column:  its  true  nature  was  detected  by  Mr.  Lord.*     With  regard  to 

*   Med.  Gazette,  March  3d,  1838. 
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Iho  flu^gUonic  and  nanganglioiiic  portions  of  the  true  nervous  axis, 
Ih^  UXBk^  (>hysiological  reasonings  will  apply  as  have  led  to  the  conclu- 
itoia  alriMidy  f  iven  respeetiBg  their  oflSce  in  the  crustaceous  animals. 

Of  the  t\Hir  u<i»rTec»  which  come  off  firom  the  sides  of  the  ganglionic 
|iOHtoii«  ^  the  colaians»  the  second,  vhich  is  principally  distribnted 
Igt  lh«  )uu^'l«>ei  of  the  corresponding  pair  of  legs«  arises  in  a  great  pro- 
liOHtMtt  IVom  the  gan^lioii  itself.  The  first  and  third  nerves^  which 
Wt^  waaUer  than  the  secoikd»  supply  the  muscles  and  int^rmnents  of 
IW  leftiuent*.  I'he  Ifourth  pair  of  nerves  passes  to  the  breathing 
|KMt%  a^  t\>  the  intei^uttfeenU  Tlasy  therefore,  mast  be  regarded  as  the 
fea|4iral^Mry  uecvev  I'he  stooMilo-fastric  nme  is  a  distinct  system 
WMMele4  with  the  antertoc  rtn^  or  hrauoL 

t%^a  iu  the  Myrtapo«hM»  Insects  w«  fund  tiiat  althongh  the  prin- 
f4|Jk^  v^i"  hnMaUve  repetition  prevail  in  the  aervons  ^stem  as  in  the 
ikeWl^  an4  Wevnftotive  indtnunentsy  yet  it  does  not  prevent  the 
|#e^«Ul)K^v4rthe  Wti««tptqF^«^  We 

¥iX%^  ^  esiani^yJk  tW  tuyer  ewgphajei^al  or  cephalic  portion,  which  is 
IkN^WiNrx^l  l^;^thefWMie«»ef^spe«:kl«vgans  of  the  senses,  and  is 
^  ee^Mte^  >Kheu«^  YvkuMNtir  ianfulie  may  he  duecied  along  the  non- 
|l»^^t^M^fe  ^"^1^^  ^"^  ^  iikertvii»  ax^  amd  to  which  ordinary  senaa- 
IV^  ¥MI^  W  UifcUtt^ffeJt  Vy  timalaf^y  nnintmnptii  nerrooa  filaments. 
Yf t^  M^xew  tev'VV^^  %  hMf^  inh  wiQihng^  ■«%  whid^  originating 
l^k  V^xe^  a^»K^fV>ua  l^  the  *Mh  pakk  £»  th»  —gating  organs  and 
sxtKvv^'  \v^vtj*  v.vi'  ^h«>  hwvt,  bu»\v  W  rv^:^ur^JW  *$  asalo^^His  to  the  medulla 
vvUKvuxi^VvV  Ua  vhs'  AXk^iiJi  uil  cvKw^  jiiid  ^:^ia^liocs  we  have  the  re- 
v^vu^vvv  u».4vhu»vvv  ivM  I'u  luU'iiKi'Cx*  ^^wvpcvK  ind  r^dexion  of  stimuli, 
uuK^MuU  .\  vu  >»v  i.'iau^j  .iiKi  lie  '**'M;  AH'I  to  the«e  are  superadded 
iuu  viui'iU  lA  4^Ki  u;  ij  A  Mu^'ivvi  v^vvvsv  !«,r  bringing  the  body  under 
Vhv  vU^Ain:».vvi*  vv^  ihv  ^^  '.  rKi  ivi  ► . \vi uvH 't aC  hjLTtiioiiy  and  consent  of 
♦^sVKvji*  v'u\K)-<hs'^u^  v\x  s  \'Xi*^.  W  sfHxnal  tt^rv^rs  to  the  respiratory 
\\>iW\*Av  *i»  t  ^'w  >LviUv*Cv^^  i^vCifc  uv,rsv>.  s.vaf;vt^c^  this  already  compli- 

\'A  i^t;'  bLC\*^'U  .Uv^x?-*  ih\:  tcc^vat*  svs^vtu  iitivrs;  chiefly  from  that 
iu  iW  Minrlt^otte  La  'jav;;i^  ;•.*:>  ^xrvjia,^*  iivi>icu;<  aK>re  definitely  de- 
vrXj^i  i.i»3  iii  ntiji  .i^-^iiviir  iv^'w^s  ^'it'  sX^^^vatrativ^Q  corresponding 
>^  aia  lilt  _i»r-'>e:ii*it  vc  ^lilt  4av£  Krvc*.^:;^  v/  Vii:M.ivjuajr  j\irts  of  the  trunk, 
an  J  in  iIk  }:»t>c«GDcc!^^  «ccpi.3i*  ircvr-^'v;  *^^».t^^.v  Mvxst  insects,  how- 
in  iT,  cwmmtiHV  thtir  cxt^t  x>  mxi:vt^.  *Xv'  bL\^a  cVrm  which  they  are 
\iln\\\AuOy  i5rtttiiH>J  w  i:::*::::  :r.  ;>.<  4ini;vv/;*;'s^  :i*rct^^>  i>  at  dr^t  masked  by 
\\u\  g^i:k^  wf  an  AikIMv:  ct  Fr^to^xsr^  Ss>>w<  i^fej^-^s  r^tziin  their  larval 
W  \  tvmiuwm  iUtt>  luuch  K^^\^^^^  th^r.  v>;^rs;  xis:  a:\er  |>assing  a  great 
|i»»t|Mii  liou  \^r  ihoir  U\t\ji  uuikr  ihi*  tvvrws  taU  )Viiv^  the  s^ate  of  the  pupa, 
tr  i  Im  )  A^ll«,  —  ivU)^ii\^,  a;^  ii  ^\\^n\  a  $\x\ni^  lime  into  the  condition  of 
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an  ovum, —  there  and  then  undergoing  that  part  of  their  development 
which  before  was  left  incomplete :  finally  thej  emerge  in  their  perfect 
state  to  enjoy  for  a  brief  period  the  highest  faculties,  animal  and 
organic,  which  they  are  destined  to  acquire ;  fluttering  in  the  air,  it 
may  be,  for  a  single  day,  procreating  their  kind,  and  perishing.  Now 
the  development  of  the  nervous  system,  like  that  of  the  muscular, 
digestive,  and  other  systems,  being  completed  at  distinct  and  some- 
times remote  periods^  requires  to  be  studied  in  the  first  and  last  of  the 
active  states  of  the  insect,  and  also  in  the  intermediate  period,  when, 
owing  to  the  rapidity  and  extent  of  the  changes  which  it  undergoes, 
the  nervous  system  ofiers  to  the  comparative  anatomist  and  physiologist 
phenomena  of  the  highest  interest. 

The  apodal  entozoiform  larvae,  in  which  the  segments  of  the  body 
are  obscurely  defined,  as  those  of  most  Diptera,  Hymenoptera,  and 
of  some  Coleoptera  with  very  rudimental  feet,  have  a  simple  ventral 
nervous  chord,  almost  as  devoid  of  ganglionic  enlargements  as  in 
the  Nematoidea  and  lulidse:  it  is,  however,  usually  relatively  shorter, 
failing  to  reach  the  posterior  extremity  of  the  body,  and  the  fine  nerves 
pass  off  on  each  side  and  radiate  from  the  extremity. 

In  the  larva  of  Stratiomys  chamaleon  the  ventral  chord  is  divided 
by  a  series  of  constrictions  into  eleven  consecutive  and  contiguous 
ganglia. 

The  larvffi,  which  present,  like  the  Centipede,  larger  and  more 
definite  segments,  most  of  which  are  provided  with  legs  or  prolegs, 
have  a  ganglionic  centre  for  each  segment,  and  intermediate  chords. 

This  anellidous  and  chilopodiform  type  of  the  nervous  system  has 
been  best  described  and  figured  by  Lyonnet.*  The  subject  which  this 
inimitable  dissector  and  artist  selected  for  his  patient  investigations 
was  the  caterpillar  of  the  Cossus  ligniperda.  The  nervous  axis 
consists  of  thirteen  ganglions,  arranged  along  the  median  line  of  the 
body,  and  connected  by  two  chords  or  columns.  The  first  and  largest 
ganglion,  situated  in  the  head  above  the  mouth,  and  of  a  bilobed  form, 
Lyonnet  calls  the  brain  ;  the  remaining  twelve  ganglions  (as  in  Jig. 
159,  1  to  12.)  are  situated  below  the  alimentary  canal;  the  eleventh 
and  twelfth  are  so  close  together  that  their  distinction  might  readily  be 
overlooked ;  but  it  was  pointed  out  by  Lyonnet.  The  sub-abdominal 
ganglions  and  inter-communicating  chords  were  called  by  Lyonnet 
the  spinal  marrow.  Some  anatomists  who  have  applied  the  analogy 
of  the  ganglionic  and  non-ganglionic  roots  of  the  spinal  nerves  in  the 
higher  Vertebrata  to  the  explanation  of  the  functions  of  the  ganglionic 
and  non-ganglionic  parts  of  the  nervous  axis  in  Lisects,  have  thought 
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the  ganglionic  and  nonganglioiiie  portions  of  the  tme  nervous  axli 
the  aarae  physiologicnl  reasonings  will  apply  as  have  led  to  the  000010** 
sions  already  given  rpspccting  their  office  in  the  crufttaceouB  onimals. 

Of  the  four  nerves  which  come  off  from  tlte  sides  of  the  ganglionic  I 
portions  of  the  column*^  tljc  second,  which  is  principally  distributed 
to  the  iniisdes  of  the  corresponding  pair  of  legs,  arises  in  a  great  pro- 1 
portion  from  the  ganglion  itself.     The  first  and  third  nerves,  which] 
are  smalkr  than  the  second,  supply  the  muscles  and  integuments  of  I 
the  segment.     The   fourth   pair  of  nerves  passes  to  the  breathing 
pore  and  to  the  integument.    This,  therefore,  must  be  regarded  aa  the 
respiratory  nerve.     The  stomato-gnstric  nerre  is  a  distinct  system 
connected  with  the  anterior  ring  or  hruin. 

Thus  in  the  Myrinpodous  insects  we  find  that  although  the  pnii<"l 
ciple  of  irrelative  repetition  prevails  in  the  nervous  system  as  in  thill 
skeleton   and   locomolive   instiniments,  yet  it  docs   not  prevent  tliol 
recognition  of  the  leading  physiological  divisions  of  that  system*    Wei 
have,  for  example,  the  6uper-o3sophageal  or  cephalic  portion,  which  \b 
subservient  to  the  functions  of  the  special  organs  of  the  senses,  and  is 
the  centre  whence  voluntary  impulse  may  be  directed  along  the  non* 
ganglionic  tracts  of  the  nervous  axis,  and  to  which  ordinary  sensa- 
tion may  be  transfciTed  by  similarly  uninterrupted  nervous  filaments. 
We  have,  secondly,  a  large  sub-a?sophogeal  mass,  which,  originating  I 
the  nerves  analogous  to  the  fifth  pair,  for  the  masticating  organs  and  I 
other  parts  of  the  head,  may  be  regarded  as  analogous  to  the  medullal 
oblongata.     In  the  abdominal  chords  and  gangUoriS  we  have  the  re-^ 
quisite  machinery  for  the  automatic  reception  and  reflexion  of  stimuU, 
independently  of  sensation  and  the  will ;  and  to  these  arc  superadded 
inlcrnuntiate  and  uninterrupted  chords,  for  bringing  the  body  under  j 
the  dominion  of  the  will,  and  for  producing  harmony  and  consent  of 
action  throughout  its  extent.     The  special  nerves  to  the  respiratory 
system,  and  the  stomato-gastric  nerves^  complete  this  already  compli- 
cated nervous  system. 

In  the  hex  apod  insects  the  nervous  system  differs  chiefly  from  that  I 
in  the  Myriapods  in  having  its  primary  divisions  more  definitely  do*| 
veloped,  and  in  manifesting  degrees  of  concentration  corresponding  J 
with  the  increase  of  bulk  and  strength  in  particular  parts  of  the  trunkal 
and  in  the  locomotive  organs  appended  thereto.  Moat  insects,  how*l 
ever,  commence  their  career  as  worms;  the  high  form  which  they  are] 
iiUimately  destined  to  attain  in  the  articulate  series  is  at  first  masked  by  I 
the  guise  of  an  Anellid  or  Entozoon.  Some  insects  retain  their  larval] 
or  vermiform  state  much  longer  than  others;  and  after  passing  a  groat^ 
proportion  nf  their  lives  under  this  form,  fall  into  the  state  of  the  pupa,! 
or  chrysalii, — relapsing^  as  it  were,  a  second  time  into  the  condition  o| 
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an  ovum, —  there  and  then  undergoing  that  part  of  their  development 
which  before  was  left  incomplete :  finally  they  emerge  in  their  perfect 
state  to  enjoy  for  a  brief  period  the  highest  faculties,  animal  and 
organic,  which  they  are  destined  to  acquire ;  fluttering  in  the  air,  it 
may  be,  for  a  single  day,  procreating  their  kind,  and  perishing.  Now 
the  development  of  the  nervous  system,  like  that  of  the  muscular, 
digestive,  and  other  systems,  being  completed  at  distinct  and  some- 
times remote  periods,  requires  to  be  studied  in  the  first  and  last  of  the 
active  states  of  the  insect,  and  also  in  the  intermediate  period,  when, 
owing  to  the  rapidity  and  extent  of  the  changes  which  it  undergoes, 
the  nervous  system  offers  to  the  comparative  anatomist  and  physiologist 
phenomena  of  the  highest  interest. 

The  apodal  entozoiform  larvaB,  in  which  the  segments  of  the  body 
are  obscurely  defined,  as  those  of  most  Diptera,  Hymenoptera,  and 
of  some  Coleoptera  with  very  rudimental  feet,  have  a  simple  ventral 
nervous  chord,  almost  as  devoid  of  ganglionic  enlargements  as  in 
the  Nematoidea  and  lulidae:  it  is,  however,  usually  relatively  shorter, 
failing  to  reach  the  posterior  extremity  of  the  body,  and  the  fine  nerves 
pass  off  on  each  side  and  radiate  from  the  extremity. 

In  the  larva  of  Stratiomys  chamceleon  the  ventral  chord  is  divided 
by  a  series  of  constrictions  into  eleven  consecutive  and  contiguous 
ganglia. 

The  larvae,  which  present,  like  the  Centipede,  larger  and  more 
definite  segments,  most  of  which  are  provided  with  legs  or  prolegs, 
have  a  ganglionic  centre  for  each  segment,  and  intermediate  chords. 

This  anellidous  and  chilopodiform  type  of  the  nervous  system  has 
been  best  described  and  figured  by  Lyonnet.*  The  subject  which  this 
inimitable  dissector  and  artist  selected  for  his  patient  investigations 
was  the  caterpillar  of  the  Cossus  ligniperda.  The  nervous  axis 
consists  of  thirteen  ganglions,  arranged  along  the  median  line  of  the 
body,  and  connected  by  two  chords  or  columns.  The  first  and  largest 
ganglion,  situated  in  the  head  above  the  mouth,  and  of  a  bilobed  form, 
Lyonnet  calls  the  brain  ;  the  remaining  twelve  ganglions  (as  in  ^g. 
159,  1  to  12.)  are  situated  below  the  alimentary  canal;  the  eleventh 
and  twelfth  are  so  close  together  that  their  distinction  might  readily  be 
overlooked  j  but  it  was  pointed  out  by  Lyonnet.  The  sub-abdominal 
ganglions  and  inter-communicating  chords  were  called  by  Lyonnet 
the  spinal  marrow^.  Some  anatomists  who  have  applied  the  analogy 
of  the  ganglionic  and  non-ganglionic  roots  of  the  spinal  nerves  in  the 
higher  Vertebrata  to  the  explanation  of  the  functions  of  the  ganglionic 
and  non-ganglionic  parts  of  the  nervous  axis  in  Insects,  have  thought 
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flat  ihfj  luuiid  lO  tbe  works  of  Lyonnet  corroborttion  of  tliia  fnc 
dnsi^e  pbjsiological  Tiew,  Lyonnet,  however^  expres.'sly  denies  thut 
tlie  parts  which  he  cnUetl  brain  and  Bpinal  marrow  in  the  insect  were 
iilDiUr  in  aDatomieal  structure  to  those  in  the  higher  animab* 

**  The  spinal  marrow  of  the  ca-  146 

lerfiiUar,  if  one  mnj  say  that  it 
p0nesBe3  euch^^  obeerres  Lyon- 
net, "aensihly  differs  from  that 
of  man*  It  is  slender;  it  bifur- 
aile*  at  intervals,  and  enlarges 
Urom  distance  to  distance  to  form 
its  masses,  which  I  have  named 
ganglions*"  The  intervening 
ebords  Lyonnet  terma  **coniluit9 
d»  la  Moelle  ^piniere."  He  par- 
tacnlarly  points  out  the  difference 
in  relatiTe  position,  and  in  the 
fueiins  of  protection  assigned  to 
tba  ganglionic  columns  in  insectsi 
and  to  the  spinal  chord  in  the 
higher  animals*  As  to  any  views 
of  distinct  physiological  proper- 
ties in  the  ganglions  or  the  non- 
ganglionic  nervous  tracts,  none 
such  appear  in  tlje  works  of 
Lyonnet ;  nor,  indeed,  did  they 
form  part  of  the  dumain  of  phy- 
siology at  that  period;  and  it 
was  a  great  advantage  to  Zootomy 
that  Lyonnet  looked  at  his  sub- 
ject with  the  eye  of  truth,  and 
not  through  the  prism  of  any  pre-forraed  physiological  notions. 

The  super-oesophageal  ganglion  gives  off  ten  nerves  ;  eight  in  pairs, 
and  two  solitary  or  azjgos  nerves;  one  of  these  latter  is  the  anterior 
cDsophngeal  ring  (Jtff,  146,  e).  Its  extremities  are  connected  with 
the  cephalic  ganglion  immediately  anterior  to  the  attachment  of  the 
principal  columns  which  form  the  posterior  ccsophage^il  ring.  The 
second  solitary  nerve  (c)  1%  sent  off  from  the  middle  of  the  posterior 
ude  of  the  cerebral  ganglion,  and  proceeds  backwardai  to  the  ceso* 
phflgus*  The  ceplialic  nerves,  sent  off  in  pairs  (n,  b)>  supply  Um 
antcnnffii,  the  ocelli,  the  iiiu5ciihir  and  integumentary  parts  of  th« 
bead,  and  comrnimjcato  with  branches  of  the  maxillary  nerves.  The 
most  remarkable  pair,  however,  is  that  which  arises  anterior  to  tlw 


Jmmi'iit.'iteijr  *ft*r 


Liinrfi. 


Half  u>  huur 

liHpfitrM 

ebuigkng. 


y«ine«iu  ortfcc 


IKSECTA.  361 

annular  or  {Esophageal  nerve,  and  which  constitutes  the  cephalic 
roots,  or  connections  of  the  stomato-gastric  system.  Each  of  these 
nerves  passes  forwards  and  divides :  the  external  tract  joins  one  of 
the  maxillarj  nerves  of  the  sub-cesophageal  ganglion ;  the  internal 
one  converges  towards  its  fellow,  and  terminates  with  it  in  the  first 
of  the  median  cephalic  series  of  ganglions  (e),  which  Lyonnet  terms 
frontal  ganglions.  The  longest  nerve  in  the  whole  body  of  the 
caterpillar  is  given  off  from  these  ganglions  as  it  passes  along  the 
oesophagus  to  the  stomach  and  intestines :  it  was  called  by  Swam- 
merdam  the  recurrent  nerve.  There  are  two  other  small  ganglions 
situate  in  the  head  of  the  caterpillar  on  each  side  of  the  large  bilobed 
or  ceplialic  ganglion  (a,  a).  The  largest  nervous  columns  connected 
with  the  super-oesophageal  ganglion,  are  those  which  enclose  the 
oesophagus  by  uniting  with  the  first  of  the  lower  series  of  ganglions  (l). 
From  this  ganglion  nerves  are  distributed  to  the  mandibles,  the  max- 
illae, the  lips,  and  their  special  organs  of  sensation  or  palpi.  Two 
distinct  columns  connect  the  first  with  the  second  ventral  ganglion 
(2) ;  and  this  is  connected  by  more  diverging  columns  with  the 
third  (d).  The  inter-communicating  chords  of  the  remaining  ganglions 
appear  single  at  their  anterior  part,  and  bifurcate  as  they  are  con- 
nected with  the  next  ganglion  in  succession.  They  are  of  a  greyish 
blue  but  transparent  colour,  and  are  very  elastic.  From  each  side 
of  the  abdominal  ganglions  are  given  off  two  principal  branches;  the 
anterior  to  the  muscles  chiefly,  the  posterior  chiefly  to  the  integu- 
ments, but  communicating  with  the  muscular  branch  of  the  succeed- 
ing ganglion.  From  the  beginning  of  the  separation  of  the  bifurcated 
inter-ganglionic  columns,  or  conduits,  Lyonnet  says,  "  there  descends 
a  nerve,  the  extremity  of  which  is  enlarged  a  little  above  the  suc- 
ceeding ganglion,  which  sends  off  from  the  enlargement  a  transverse 
nerve  to  the  right  and  to  the  left,  to  which  I  give  the  name  of  spinal 
rein  (bride  ^pinit^re,  o,  o).  Of  these  transverse  nerves  there  are  ten 
pairs ;  they  terminate  chiefly  in  the  stigmata  and  tracheae,  but  send 
off  small  branches  to  the  skin,  and  to  the  dorsal  vessel.  These  are 
the  respiratory  ganglia  and  nerves,  and  have  been  erroneously  con- 
sidered as  the  motor  column  and  nerves. 

The  nervous  system  in  perfect  insects  approaches  to  its  larval  con- 
dition according  as  the  segments  of  the  body  and  their  locomotive 
appendages  are  less  concentrated  and  developed ;  thus,  in  the  darkling 
beetle  (Meloe)  the  abdominal  nervous  columns  still  manifest  eight 
distinct  ganglions,  of  which  the  last,  perhaps  including  three  ganglions 
of  the  larva,  is  now  the  largest,  and  radiates  its  branches  to  the 
generative  organs.  The  sub-oesophageal  ganglion  sends  forward  four 
median  branches  to  the  under  parts  of  the  mouth,  and  is  connected 
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with  the  suf^e^-oc3ophageal  ganglion  hy  the  two  lateral  chords  fonuiog 
the  post-a3aophageal  cullar.  The  usuul  nerves  are  given  otT  from  the 
brain  j  those  to  the  eyes  having  acquired  an  increase  of  bulk,  cor- 
reepotiding  with  the  great  cliange  in  the  size  and  eomplexity  of  the 
organs  of  vi^ioo*  The  stomato-gustric  nerves  arise  close  to  the  an- 
tetmal  branches,  and  form  a  median  frontal  ganglion,  and  are  con* 
Dccted  with  a  pair  of  lateral  ganglions  :  from  these  the  usual  recurrent 
nerve  h  given  off.  In  the  thorax  we  distinguish  the  second  ventral 
ganglion,  which,  as  it  distrihutcs  branches  to  the  first  pair  of  legs^ 
I  have  called  the  brachial  ganglion.  The  third  ventral  ganglion, 
supplying,  amongst  other  parts,  the  elytra,  may  be  termed  the  elytral 
ganglion.  The  fourth  ventral  ganglion  is  distinct  in  the  present 
Bpecies,  and,  supplying  the  nerves  to  the  second  or  true  wings,  may 
be  termed  the  alar  ganglion.  The  fifth,  eixth,  and  seventh,  or  first 
three  ganglions  in  the  abdomen,  distribute  ncTves  to  as  many  large 
and  moveable  segments  of  that  division  of  the  trunk:  the  last 
ganglion  is  the  largest,  and  its  eize  is  conformable  with  the  bulk  of 
the  generative  apparatus,  upon  which,  on  the  rectum,  and  the  modified 
terminal  segments  of  the  abdomen,  its  branches  are  exjiended. 

In  insects  having  the  organs  of  flight  better  developed,  the  elytriU 
and  alur  ganglia  present  a  greater  proportional  size;  but  different 
degrees  of  concentration  in  the  centres  of  the  nervous  system  are 
met  with  in  these  higher  forms  of  insects-  In  the  Blatta?,  for  example, 
there  are  as  many  as  ten  distinct  ventral  or  inferior  ganglions.  The 
snpcr-flDsophageal  nervous  centre  or  brain  is  a  transversely  oblong 
bibbed  mass,  sending  its  upper  and  largest  pair  of  nerves  to  the  eyes. 
Anterior  and  below,  the  antennal  nerves  arise  from  small  mamiUarjr 
processes  of  the  brain,  reminding  us  of  olfactive  lobes.  The  stomato- 
gastric  nerves  are  seen  a  little  in  advance  of  those  in  the  deflected 
part  of  the  head.  The  oesophageal  chords  are  short,  uniting  in  a  maxil- 
lary ganglion,  or  first  of  the  ventral  series,  which  is  situated  in  the 
head  i  the  interK^ommvinicating  chords,  which  pass  from  this  to  the 
brachial  ganglion,  are  long,  straight,  parallel,  and  juxta-posed.  The 
brachial  ganglion  sends  off  two  large  and  two  small  pairs  of  nerves ; 
the  anterior  ones  are  distributed  to  the  muscles  of  the  arm,  which  are 
lodged  within  the  anterior  portion  of  the  thoracic  shield ;  the  second 
oorvc  ts  continued  to  the  terminal  segment  of  the  anterior  extremities 
like  the  second  nerve  from  the  ganglions  of  the  centipede.  The 
elytral  ganglion,  or  the  third  of  the  ventral  series,  is  larger  than  the 
[^receding  one.  Viewed  from  the  dorsal  aspect,  it  is  seen  to  distribute 
three  umall  nerves  to  the  muscles  of  the  wing-cover ;  the  posterior 
branch,  anastomosiug  with  the  nerve  sent  from  the  succeeding  gan- 
glion to  the  wing,  thus  serves  to  combiuc  these  organs  of  flight  in 
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action  in  the  Orthopterous  insects.  In  the  Coleoptera^  whose  elytra 
do  not  move  in  flight,  this  anastomosis  of  the  nerves  does  not  take 
place.  Four  pairs  of  nerves  come  into  view  when  the  elytral  ganglion 
of  the  cockroach  is  exposed  from  below.  The  anterior  of  these  runs 
forward  at  an  acute  angle  to  the  muscles  of  the  first  and  second  pairs 
of  legs.  The  next  two  anastomose  with  an  alar  branch.  The  third 
pair  enters  the  second  pair  of  legs,  and  is  distributed  to  their  terminal 
segments.  The  posterior  nerve  passes  to  the  alar  plexus.  The  sub- 
stance of  the  bilobed  el3rtral  ganglion  seems  to  be  superadded  to  the 
under  or  ventral  part  of  the  nervous  chord.  The  alar  ganglion,  formed 
bj  a  confluence  of  the  fourth  and  fifth  of  the  larval  ganglions,  is 
situated  at  the  same  distance  from  the  elytral  as  this  is  from  the 
brachial  ganglion.  It  is  not  quite  so  broad  as  the  elytral  ganglion, 
the  wings  which  it  supplies  being  shorter  than  their  covers.  The 
anterior  nerve  enters  into  communication  with  the  elytral  branches, 
as  does  also  the  second  nerve,  with  the  addition  of  branches  to  the 
muscles  of  the  legs.  The  third  nerve  is  distributed  to  the  third 
pair  of  legs  ;  the  fourth  to  the  muscles  of  the  wing.  The  remaining 
six  ganglions  of  the  ventral  series  are  contained  in  the  abdomen : 
they  are  smaller  than  the  preceding,  the  distance  between  them  pro- 
gressively increasing  after  the  third.  The  last,  formed  by  the  conflu- 
ence of  the  eleventh  and  twelfth  ventral  ganglions  of  the  larva,  is  of  a 
triangular  form,  and  the  largest  of  the  series.  It  sends  off  a  pair  of 
conspicuous  nerves  to  the  cercse  or  anal  antennse.  The  two  inter- 
ganglionic  columns  are  in  contact  lengthwise  from  the  head  to  the 
anal  ganglion.  In  the  Meloe  they  are  smaller,  and  separated  by  a 
marked  interspace.  The  respiratory  nerves  may  be  seen  on  the 
dorsal  aspect  above  the  second,  third,  and  fourth  ventral  ganglion. 
If  the  nervous  system  of  the  Blatta  be  compared  with  the  stages  of 
development  of  that  system  in  an  insect  presenting  a  more  con- 
centrated type  in  the  perfect  state,  as  in  the  species  of  butterfly 
described  by  Herold  *,  it  will  be  found  to  correspond  with  the  sixth 
stage  figured  by  this  author  in  the  pupa  of  the  Papilio  brassiccB, 

In  the  predatory  leaf-insect  (^Mantis)  the  progress  of  coalescence 
has  reduced  the  number  of  abdominal  ganglia  to  four,  the  three 
thoracic  ganglions  continuing  distinct,  so  that  the  nervous  system 
corresponds  with  the  eighth  stage  figured  by  Herold  in  the  Lepidop- 
terous  insect  just  mentioned.  The  super-ocsophageal  mass  consists 
of  two  triangular  lobes  having  their  bases  rounded  and  anterior,  and 
their  apex  prolonged  into  the  oesophageal  chords.  Two  small  nerves 
are  sent  off  from  the  anterior  part  to  the  ocelli,  where  they  swell  into 
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ft  dight  enlargement.  Two  short  and  thick  optic  nerves  pass  firom 
the  tides  of  the  brain  to  form  the  ganglions  supplying  the  large  com- 
pound eyes.  The  stomato-gastric  nerves  arise,  one  on  each  side,  near 
the  optic  nerves.  The  oesophageal  columns  are  short,  and  directlj 
converge  to  the  inferior  cerebral  ganglion,  which  gives  two  large  and 
wveral  small  nerves  to  the  jaws :  it  is  situated  in  the  head.    Two 

ig  and  parallel  columns  extend  to  the  first  thoracic  ganglion,  which 
ransmits  long  and  large  nerves  to  the  formidable  prehensile  anterior 
pair  of  legs.  The  second  thoracic  or  eljtral  ganglion  is  at  a  great 
littanoe  from  the  first,  and  much  nearer  the  third  or  alar  ganglion. 
Anastomosing  branches  connect  the  nerves  which  tlwse  ganglions 

peotivelj  distribute  to  the  elytra  and  wings.    Tlie  Mantis  is 

v9^Hy  remarkable  for  the  great  length  of  the  ventral  chorda  con- 

•eling  the  brachial  with  the  elytral  ganglia,  and  which  renders 

m  fkvourable  for  minute  analysis  of  their  structure.    Anterior 

id  posterior  eolumns,  or  divisions  analogous  to  those  in  the  spinal 
liarrow  of  higher  animals,  cannot  be  distinguished.  The  so-called 
orial  traet  is  confined  to  accumulations  of  nervous  matter  at  the 
in  of  the  nerves  to  the  locomotive  organs. 

Aaperiments  in  which  the  body  of  the  living  Mantis  has  been  so 
^iyUM  that  a  segment  with  one  of  these  ganglianic  ealarg^mej^ta 
Dd  the  locomotive  organs  it  supplies  has  been  detached  from  the 
rmtf  Uostrate  the  Amotions  of  the  aggregated  centres  of  nervous 
matter  in  relation  to  their  power  of  receiving  and  transmitting  im- 
pressions, 80  as  to  maintain  the  order  of  action  of  such  detached 
organs  upon  the  application  of  a  stimulus,  for  a  considerable  period 
after  the  mutilation. 

The  jaws  of  the  separated  head  of  a  Mantis  bite  forcibly  the  stick 
which  is  held  to  them.  The  formidably  armed  prehensile  legs  in 
like  manner  wound  the  finger  that  touches  them,  when  the  segment 
of  the  body  supporting  them  is  separated  from  the  head  and  the  rest 
of  the  trunk.  And  if  decapitation  or  amputation  of  the  prothorax  be 
n^^atly  performed  on  the  living  insect,  while  in  its  natunil  and 
ordinary  position,  perched  by  its  middle  and  hinder  pairs  of  legs 
upon  a  twig,  the  rest  of  the  trunk  does  not  fall  to  the  ground,  but  is 
maintained  for  a  certain  period  in  that  posture,  which  it  even 
recovers  by  actions  of  the  wings,  when  the  balance  is  slightly  and 
parpo^ly  disturbed. 

The  fiuper-oesophageal  or  cerebral  mass  in  insects  obtains  its  largest 
defelopment  in  the  dragon-fly  {Libelhh),  which  from  the  siae  and 
perfcctioQ  of  its  organs  of  vision,  its  great  and  enduring  powers  of 
fii^iit  and  predatory  habits,  may  be  regarded  as  the  eagle  of  insects 
Fixna  ihe  side  of  each  of  the  superior  lobes  of  the  brain,  the  opdc 
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nerve  is  continued  of  eqaal  breadth,  so  as  to  seem  rather  as  a  lobe  of 
the  brain.  It  expands,  and,  like  the  stalk  of  a  mushroom,  forms  the 
stem  of  a  very  large  reniform  ganglion,  the  convexity  of  which  is 
turned  forwards  and  outwards,  and  the  free  concave  projecting 
margin  developed  at  the  under  part.  Thousands  of  branches  to  the 
divisions  of  the  compound  eye  are  given  off  from  the  convex  surface 
of  this  ganglion.  The  brain  presents  a  single  median  inferior  lobe ; 
the  oesophageal  chords  sent  downwards  to  the  maxillary  ganglion  are 
short  and  thick.  This  ganglion  is  succeeded  by  three  large  equi- 
distant thoracic  ganglia,  of  which  the  last  two,  corresponding  with 
the  elytral  and  alar  ganglions  of  the  preceding  insect,  are,  as  might  be 
expected,  from  the  development  of  the  muscles  of  the  wings  (both  of 
which  are  alike  organised  for  flight),  considerably  the  largest.  Of 
the  ganglia  of  the  abdomen,  the  terminal  one  resulting  from  the  con- 
fluence of  two,  and  which  supplies  the  organs  of  generation,  is 
remarkable  for  its  large  size. 

In  the  white  buttei^y  {PapUio  brassicai)  the  brain  is  a  thick  trans- 
verse rounded  mass,  indented  by  a  longitudinal  furrow  along  the 
median  line.  From  its  sides  proceed  the  large  optic  nerve,  now  greatly 
surpassing  the  other  cerebral  nerves  in  size.  The  oesophageal  collar 
is  triangular,  leaving  a  very  small  interval  for  the  passage  of  the 
alimentary  gullet.  The  maxillary  ganglion  is  relatively  much  smaller 
than  in  the  dragon-fly,  the  blatta,  and  other  mandibulate  insects. 
The  first  two  thoracic  ganglions  are  blended  into  one,  and  the  third 
thoracic  and  first  abdominal  ganglions  have  coalesced  to  form  a 
similar  mass  in  the  thorax,  connected  with  the  preceding  by  short 
chords,  separated  by  an  interval  to  allow  the  passage  between  them 
of  certain  processes  of  the  thorax  giving  attachment  to  the  muscles  of 
the  legs.  The  ganglions  of  the  thorax  have  been  observed  in  some 
species  (as  the  Bomhyx  Neustria)  to  present  a  reddish  tint  They  are 
succeeded  in  the  Lepidoptera  by  four  other  ganglions  in  the  abdomen, 
of  which  the  last,  as  usual,  is  the  largest. 

The  nervous  system  of  the  chaffer  {Mehlontha)  has  been  dissected 
and  delineated  by  Strauss  ♦  with  a  minuteness  and  accuracy  second 
only  to  those  of  Lyonnet.  In  his  beautiful  plates  are  shown  the 
bilobed  brain  with  its  auxiliary  ganglia  for  the  eyes  and  antennae ; 
the  stomato-gastric  nerves  and  their  small  lateral  cephalic  ganglia 
are  also  clearly  exhibited.  The  sub-oesophageal  or  maxillary  ganglion 
is  of  an  oblong  form  ;  the  brachial  ganglion  is  triangular ;  the  elytral 
ganglion  is  of  a  circular,  and  the  alar  ganglion  of  a  pyriform,  figure ; 
these  two  latter  being  concentrated  into  almost  a  single  mass,  and 
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enoDt  in  suctorial  insects,  the  Ion":  and  slender  ovipositors  of  insects 
which  place  their  egga  in  holes  of  varioya  depths,  the  soft,  setaceonf, 
or  plumed  antennae,  ami  above  all,  the  palpi,  often  provided  with  si 
terminal  vesicle,  presi^nt  the  rcqiiisite  physiological  conditions  of  the 
organ  of  touch.  Although  another  sense,  and  most  probably  that  of 
hearing,  may  reeide  in  the  antennoe,  yet  no  one  can  witness  the  use  of 
these  organs  by  bees  and  ants,  tho  exploratory  actions  of  those  of  the 
ichneumon  and  of  many  other  insects,  witlkout  recognising  in  them 
instruments  of  the  tactile  faculty. 

All  ^landibulatc  insects  have  a  process  from  the  labium,  within 
the  mouth,  so  analogous  to  a  tongue  as  to  have  received  that  name. 
It  is  particularly  well  developed  in  the  wasps  ( Vespidfr),  the  drn^on- 
flies  {Lib€UuUdm\  the  grasshoppers  (Locustidai)^  ^nA  certain  beetles 
{Caraindm\  in  which  its  soft,  finely  ridged,  upper  surface  receives  a 
rich  supply  of  nerves.  It  is  not  present  in  the  suctorial  insects, 
which,  as  Burmeister  well  observes,  always  subsist  upon  one  and  the 
same  food,  generally  inhabit  what  they  feed  on,  and  consequently 
less  require  the  sense  of  taste. 

Although  a  few  physiologists  have  suspected  that  some  part  or 
appendage  of  the  head,  and  others  thiit  the  membranous  lining  of 
the  spiracles  were  the  organs  of  smell,  the  precise  seat  of  that  sense, 
which  unquestionably  exists  in  insects,  has  not  yet  been  experi- 
mentally determined.  The  application  by  the  common  house-fly  of 
the  sheath  of  its  proboscis  to  particles  of  solid  or  liquid  food  before  it 
imbibes  them^  is  an  action  closely  analogous  to  the  scenting  of  food 
by  the  nose  in  higher  animals  :  and  aa  it  is  by  the  odorous  qualities 
much  more  than  by  the  form  of  the  surface,  that  we  judge  of  the 
fitness  of  substances  for  food,  it  is  more  reasonable  to  conclude  that 
in  this  well-known  action  of  our  commonest  insect,  it  is  scenting, 
not  feeling,  the  drop  of  milk  or  grain  of  sugar.  But  no  one  ever  saw 
on  insect  present  its  spiracles  to  a  nutritive  substance  before  feeding. 

The  signs  of  attention  and  hearing  arc  plainer  in  insects  than 
those  of  smelling  ;  yet  the  precise  organ  has  not  yet  been  more  defi- 
nitely recognised,  unless  the  structure  indicated  by  J.  Miiller*  in  the 
fore-leg  of  the  Gryllm  hierwflyphm^  and  more  definitely  described 
by  Sieboldf  in  other  Orthopt^ra,  1k3  the  true  seat  of  the  auditory 
sense.  Between  the  pro-  and  meso-thoraat  of  the  grasshopper  and 
cricket  is  a  double  pair  of  stigmata ;  one  of  each  pair  is  conspicuous 
by  Its  large  oval  unlabiate  aperture,  which  leads  to  an  infundibular 
trachea ;  close  to  this  large  aperture  is  the  second  stigma  of  the 
ordinary  size  and  shape  j  the  trachesK  from  this  stigma  ramify  in  tlie 
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pro  thorax  and  head ;  but  the  infundibuliform  trachea  sends  off  no 
branches  in  its  course  through  the  prothorax.  Pursuing  this  trachea 
from  the  infundibular  beginning  backwards  to  the  coxa  of  the  an- 
terior feet,  we  see  that  here  it  sends  off  various  larger  and  smaller 
branches,  but  enters  the  limb  without  material  diminution  of  calibre. 
In  traversing  the  slender  knee,  the  trachea  is  obliged  to  contract ; 
but  it  soon  again  expands,  and  forms  at  the  part  of  the  tibia  of  the 
first  pair  of  legs,  where  the  two  folds  and  apertures  are  seen,  a  long 
vesicular  dilatation  of  a  peculiar  form.  This  vesicle  is  in  con- 
nection, externally,  with  a  tympanic  membrane  closing  an  orifice  in 
the  leg,  and  internally  with  a  peculiar  part  of  the  nervous  system. 
Two  nerves,  both  derived  from  the  first  thoracic  ganglion,  and 
both  unusually  large,  accompany  the  trachea  down  the  leg  :  the  lesser 
nerve  attaches  itself  to  the  vesicular  dilatation,  and  there  expands 
into  a  flattened  ganglion,  on  which  is  situated  a  row  of  transparent 
vesicles  containing  a  collection  of  cuneiform,  staff-like  bodies,  with 
very  finely  pointed  extremities,  which  are  surrounded  by  ganglion- 
cells.  An  undulated  prolongation  of  the  ganglion  is  thence  con- 
tinued^ and  is  lodged  in  a  depression  on  one  side  of  the  vesicle.  The 
aperture  in  the  leg  is  compared  to  an  external  ear ;  the  membrane 
closing  it  and  the  chamber  behind,  to  the  tympanic  cavity  and  drum ; 
the  nerve  and  ganglion  to  the  acoustic  nerve ;  and  the  thoracic  aper- 
ture to  the  Eustachian  tube.  It  is  strange,  however,  that  the  organ 
under  so  well  marked  a  form  should  not  exist  in  the  tree-hoppers 
(CicadcB),  which  attract  their  females  by  peculiar  notes.  In  these 
Homoptera  the  soft  capsular  membrane  of  the  joint  of  the  antenna, 
which  in  some  movements  may  be  rendered  tense,  has  been  alluded 
to  by  Burmeister  as  a  structural  indication  of  the  organ  of  hearing 
in  the  peculiar  appendages  in  which  he  supposes,  with  many  other 
entomologists^  that  the  sense  resides.  Two,  at  least,  and  often  more 
numerous,  nervous  filaments  from  a  slight  ganglionic  enlargement 
penetrate  the  antennae  in  insects ;  and  these  may  subserve  the  distinct 
offices  of  the  appreciation  of  the  vibrations  of  sound,  of  the  characters 
of  surface,  and  of  the  regulation  of  the  movements  of  the  antennas. 

Of  all  the  organs  of  the  special  senses  not  only  is  that  of  sight 
manifest  without  ambiguity,  but  it  is  more  complicated  and  relatively 
larger  in  insects  than  in  any  other  class  of  animals. 

What  would  be  thought  of  a  quadruped,  whose  head,  with  the  ex- 
ception of  the  mouth  and  the  place  of  juncture  with  the  neck,  was 
covered  by  two  enormous  convex  masses  of  eyes,  numbering  upwards 
of  12,000  in  each  mass  ?  Yet  such  is  the  condition  of  the  organs  of 
vision  in  the  dragon-fly,  which,  besides  the  two  great  compound  eyes^ 
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B)  m  comjioMd  of  a  eosnea,  bdund 
idi  is  a  .^pbsrical  or  ^lindrical  leB%  lodged  in  a  kind  of  cal  jz 
ssad  bj  an  ezpansioB  of  As  optic  nerre,  and  i^idi  is  sorroiinded 
a  Isijv  of  diTersd|j  eokmed  pigsMait. 

Tbera  is  onlf  one  oceHns  on  endi  ade  of  tke  head  in  the  lice 
IRimiiM\ cochinsal insect {Co€€idm\  and  the  laim  of 
The  oedfi  are  in  groaps  of  fimr  to  eight  in  the 
sUptails  (rtAiridaX  ^^  kezapod  lam  of  the  Sirept^^itra  and 
Coteopitm,  the  harm  of  Ltpmhpiera,  HemerobkUe,  JffyrmdiomkUe, 
and  RttpAUlHitf. 

Tho  Couti|KHlo  has  many  simple  eyes,  arranged  in  a  cluster  on 
each  Hide  of  tlio  ht»aii,  and  requiring  only  a  little  closer  approximation 
to  form  a  compound  oye.  The  required  approximation  takes  place  in 
tho  lulus,  but  tho  optic  nerve,  instead  of  swelling  into  a  ganglionic 
mass,  separates  into  a  pencil  of  nerves  at  tho  base  of  the  cluster,  one 
for  each  ocellus.  The  transition  to  tho  large  compound  eye  of  the 
hexapod  is  made  by  the  lulus  and  Scutigera  ;  but  the  interval  is  very 
wide  between  tho  Myriapods  and  Anellids  in  regard  to  both  the 
number  and  structure  of  the  organs  of  vision. 

The  lateral  compound  eyes  of  winged  insects  are  generally  cir- 
cular^  sometimes  oval,  or  reniform  ;  they  occupy  the  sides  of  the  head, 
and  sometimes  encroach  upon  the  upper  part  so  as  to  meet  there. 
In  some  Capricorn  beetles,  as  Teiraopes,  the  antennae  project  from 
the  middle  of  the  ovate  eyes  and  divide  them  into  an  upper  and  lower 
half:  tho  compound  eyes  of  certain  beetles  of  the  genera  Ateuchus 
and  Geotrupes  are  almost  or  quite  divided  into  two  on  each  side  by 
(tl^  encroachment  of  the  canthus ;  some  Ephemercc  and  the  Gyrinidfr 
Uwf^  two  pairs  of  compound  eyes :  in  the  latter  they  are  situated  one 
m^  the  uppetf  the  other  on  the  lower  surface  of  the  head,  and  muM 
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serve  the  aquatic  whirligigs  to  discern  at  the  same  time  objects  be- 
neath them  in  the  water,  and  above  them  in  the  air. 

The  integument  of  the  head,  which  passes  uninterruptedly  over 
the  compound  eye,  there  becomes  transparent^  and  is  subdivided  into 
a  number  of  hexagonal  corneuleSy  varying  in  number  from  50  in  the 
ant,  to  4,000  in  the  house-fly,  to  above  17,000  in  the  butterfly,  and 
to  more  than  25,000  in  the  Mordella  beetle.  The  size  of  these  facets 
is  not  uniform  even  in  the  same  eye,  for  sometimes  those  above  or 
those  in  the  centre  are  the  larger ;  e.  g.  Libellula,  LagriOy  Tabanus. 
In  general  each  corneule  is  thicker  than  it  is  broad,  and  thicker  at 
its  middle  than  at  its  circumference ;  a  layer  of  pigment  here  in- 
sinuates itself  into  the  interspaces  between  the  corneules.  In  bees 
and  flies  flne  hairs  project  from  these  interspaces,  which  must  defend 
the  eye  or  warn  the  insect  against  the  approach  of  foreign  bodies. 
Each  division  of  the  compound  eye  has  its  lens,  which  combines  the 
characters  of  both  crystalline  and  vitreous  humours :  it  is  always  of 
a  more  or  less  elongated  conical  form,  having  its  base  applied  to  the 
corneule,  and  its  apex  to  the  optic  nerve.  The  base  is  not  imme- 
diately in  contact  with  the  cornea,  but  is  separated  by  a  minute 
aqueous  chamber  into  which  a  process  of  the  pigmental  membrane 
penetrates,  leaving  a  small  pupil  opposite  the  middle  of  the  base  of 
the  lens.  The  pigment  is  continued  along  the  crystalline  vitreous 
cone  to  its  apex,  forming  a  sheath  around  it,  and  enveloping  also  the 
adhering  filament  of  the  optic  nerve ;  at  once  separating  and  con- 
necting together  the  component  ocelli  of  the  compound  eye.  Fine 
tracheal  ramifications  have  been  traced  upon  the  pigment,  which 
displays  very  various,  and  often  brilliant  or  metallic,  hues  in  its 
outer  layer. 

The  larvaB  of  the  Coleaptera,  LepidopterOy  NeuropterOy  some  Hy- 
menopteray  and  DipterOy  have  merely  simple  eyes.  Two  or  three  of 
the  larval  ocelli  are  retained,  with  the  superadded  compound  eyes,  in 
most  of  the  winged  orders  save  Coleopteray  in  which  only  compound 
eyes  are  present  in  the  perfect  state. 

The  high  degree  in  which  the  power  of  discerning  distant  objects 
is  enjoyed  by  the  flying  insects  corresponds  with  their  great  power  of 
traversing  space.  The  few  exceptional  cases  of  blind  insects  are  all 
apterous,  and  often  peculiar  to  the  female  sex,  as  in  the  glow-worm, 
cochineal  insect,  and  parasitic  Stt/lops. 
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extraordinary  powers  of  locomotion  possessed  by  insects,  the 

f  of  elements  which  they  can  traverse,  their  aptitade  to  gain 

w  to  every  situation  where  organised  matter  may  be  obtained, 

»  us  to  expect  that  they  should  manifest  all  the  modifications 

digestive  system  which  may  be  required  for  the  assimilation 

.different  kinds  and  conditions  of  the  solids  and  fluids  of  plants 

iiimals. 

e  insect  preys  upon  another ;  pursues  and  attacks,  like  the 

^n^  on  the  wing ;  but,  with  better  mastery  over  the  air-element, 

II  tear  to  pieces  and  devour  its  prey  without  alighting :  another 

L  sedentary  and  inactive,  imbibes  the  juices  of  a  plant:  a  third 

way  into  the  hard  wood :  a  fourth  burrows  in  the  earth  for 

f  worms. 

)  traverse  the  surface  of  the  earth  with  a  succession  of  steps 

f  ift  for  definition ;  some  by  leaps  so  extraordinary,  as  to  have 

1  the  powers  of  the  dynamical  calculator  from  the  earliest 

rus.      The  waters,  also,  have  their  insect  population;    some 

swiftly  cleaving   the  clear  element,   some  gyrating  on   the  surface, 

whilst  others  creep  along  the  bottom.     Nor  are  the  activities  of  the 

aquatic  insect  confined  to  that  lower  sphere.     Nepa  and  Djtiscus 

possess  organs  of  natation,  of  reptation,  of  burrowing,  and  of  flight 

Like  Milton's  fiend,  each  is  qualified  for  different  elements,  and 

**  Through  strait,  rough,  dense,  or  rare. 
With  head,  hands,  wingt.  or  feet,  pursues  its  way. 
And  swims,  or  sinks,  or  wades,  or  creeps,  or  flies." 

"With  such  diversified  powers  of  attaining  food  are  associated,  in 
Insects,  as  varied  structures  for  imbibing,  seizing,  masticating,  and 
digesting  nutritious  substances.  The  patience  of  the  anatomist  is 
taxed  to  the  utmost  to  unfold  these  delicate  complexities ;  but  his 
admiration  is  chiefly  excited  by  tlie  discovery  that  they  are  clearly 
referable  to  a  common  type. 

The  most  marited  modifications  of  the  digestive  organs  relate 
rather  to  the  pl^ythil  condition  than  the  chemical  constitution  of  the 
food  ;  depend  more  upon  its  being  solid  or  fluid,  than  upon  its  being 
of  a  vegt^taUe  or  animal  nature.  Some  entomologists  have  separated 
all  the  inse^ta  wkidi  suck  tlio  juices  of  plants  and  animals  fixMa  Iboee 
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which  operate  upon  the  solids,  and  have  made  the  Sausiellata  and 
Mandibulata  the  primary  divisions  of  the  class. 

The  composite  parts  of  the  proboscis  or  siphon  are  however  fan- 
damentallj  the  same  as  those  that  form  the  strongest  or  most 
formidable  apparatus  for  mastication ;  but  as  they  are  most  con- 
spicuous and  most  uniformlj  developed  for  the  latter  office,  I  shall 
commence  the  demonstration  of  those  complex  parts  of  the  mouth,  — 
the  trophi  or  cibarial  instruments, — as  they  exist  in  a  Mandibulate 
insect  (Jig.  148.) 

Man  has  two  jaws  only,  and  no  Vertebrate  animal  has  more ;  they 
work  up  and  down,  or  Jn  the  direction  of  the  axis  of  the  body. 
Insects  have  also  their  upper  and  lower  jaws — horny  edentulous 
plates,  serving  in  many  for  little  else  than  to  dose  the  mouth,  and 
hence  called  lips ;  the  upper  one  (Jig.  148,  a)  is  the  ''  labrum,**  the 
lower  one  (d)  the  "labium:**  but  they  have  like-  148  a 
wise  four  more  complex  jaws,  acting  upon  each 
other  in  pairs,  from  side  to  side,  or  transversely 
to  the  axis  of  the  body.  The  upper  pair  of  jaws 
(h)  are  called  the  "  mandibles^"  the  lower  pair  (c) 
the  "maxillae."*  The  three  lower  instruments, 
viz.  the  two  maxills  and  the  labium,  are  pro- 
vided with  the  jointed  instruments  of  sensation, 
called  "  palpi ;"  the  maxiilae,  in  some  insects,  sup- 
porting each  a  pair  of  these  appendages,  which,  C^^^ 
besides  their  sensitive  and  selective  offices,  serve  Trophi  of  aMandJbuUta 
also  to  seize  and  hold  steady  the  alimentary  sub- 
stances whilst  these  are  divided  by  the  mandibles  and  maxills,  and 
represent,  in  fact,  a  third  pair  of  lateral  jaws.  The  lower  lip  has  a 
basal  joint  (mentum),  supporting  a  more  flexible  part  {ligula,  or 
labium  proper),  near  to  the  base  of  which  the  palpi  are  articulated. 
The  upper,  or  inner  integument  of  the  ligula,  is  usually  developed 
into  a  kind  of  tongue,  which  is  a  distinct  part  (lingua)  in  the  lo- 
custs and  Libellulse.  The  labrum,  or  upper  lip,  is  generally  a  simple 
transverse  flattened  plate. 

The  mandibles  are  subject  to  most  variety  in  relation  to  the  habits 
and  kind  of  food  of  the  insect.  In  texture  they  vary  from  the  hardest 
chitine  to  soft  membrane.  In  the  predatory  tiger* beetles  they  ter- 
minate in  sharp  hooked  points,  like  canine  teeth,  and  are  hard  enough 
to  pierce  the  firm  integument  of  other  insects.     In  the  dragon-fly  the 


*  Id  vertebrate  anatomy  the  upper  or  anterior  jaw  is  called  maxilla^  the  lower 
or  hinder  jaw  mandibula.  It  had  been  well  if  ^e  analogy  had  governed  the 
entomological  nomenclature. 
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inner  margin  of  the  mandibles  is  armed   willi  three  or  four  dbarp 
kniariform  processes.     In  some  insects  the  upper  dentations  of  the 
mandibles  have  a  trenchant  edge,  like  canine  teeth  ;  while  the  low^^r 
ones  are  broad  mid  framed  for  bruising,  like  molar  teeth,  as  in  the 
cockchaffer  or  the  locust.     The  maxillie  usually  correspond  witli  the  I 
mandibles  in  their  general  cliaracters;  hot  the  teeth,  which  may  be 
developed  from  their  inner  edge,  are  more  uniform  and  delicate :  J 
their  terminal  piercing  hook  in  the  tiger-beetles  is  moveablew    The  | 
maxilke  are  often  clothed  with  short  hairs. 

Til©  mandibles  of  the  bee-tribe  are  simple,  but  strong  and  tren- 
chant ;  they  are  most  important  instruments  in  the  economy  of  the 
di^erent  epecies,  and  are  modified  accxjrdingly.  They  model  tlie 
waxen  cells  in  the  honey-bee,  and  form  the  nest  in  the  wild-bees.  In 
Anthophora  rttusa^  the  species  whose  tropin  are  6gured  in  H9,  the 


Matith  and  buad  of  a  wild  time. 


mandibles  (J)  ^^^  notched  at  the  apex.  The  maxills  (jr)  and 
labium  are  lengthened  out  to  form  the  proboscis,  but  especially  the  | 
labial  palpi  {k)  and  the  lingual  appendage  or  ligula  (•),  which  has 
also  two  feelers,  called  '*  paraglossia  **  (**),  developed  from  its  base, 
and  has  its  upper  surface  and  sides  beset  with  hairs*  In  the  under 
view  of  the  honey-su eking  and  pollen-sweeping  apparatus  of  the  bee, 
added  to^/f</.  149,  m  is  the  sulnnentum,  1  the  cardo  of  the  maxilla,  2 
the  :itifesj  g  the  lacinia  or  blade  of  tlie  maxilla,  A  the  maxillary  palp, 
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/  the  mentumy  %  the  labium,  k  the  labial  palp,  *  the  Ungua  or  Ugula^ 
**  the  paraglosscB.  This  definition  and  nomenclature  of  the  bee's 
trophi  are  indispensable  for  conveying  the  results  of  such  comparisons 
as  those  which  enabled  the  venerable  Kirbt  to  enrich  Entomology 
with  so  valuable  an  accession  of  knowledge  as  is  contained  in  his 
"  Monographia  Apum  Anglise,''  a  work  which  the  young  Entomolo- 
gist may  take  as  a  modeL 

In  the  Hemiptera  both  the  mandibulae  and  maxillae  are  alike 
attenuated,  and  prolonged  into  stiff  needle-  or  lancet-shaped  organs, 
which  are  protected  by  a  sheath  formed  by  the  equally  elongated 
labium,  the  upper  groove  of  which  at  the  same  time  serves  to  conduct 
the  liquid  food  into  the  mouth :  the  maxillary  and  labial  palpi  have 
disappeared;  the  latter  may  have  coalesced  with,  and  transferred 
their  properties  to,  the  labial  sheath.  With  such  an  instrument 
the  Cicada  perforates  the  bark  of  the  trees  on  which  it  lives,  and 
exhausts  their  sap ;  and  with  a  similar  modification  of  the  trophi,  the 
bug  and  flea  pierce  the  skin  and  suck  the  juices  of  animals. 

In  the  blood-thirsty  Diptera,  as  the  gnat  and  forest  fly,  the  labrum, 
as  well  as  the  two  lateral  pairs  of  jaws,  are  prolonged  into  lancet- 
shaped  organs,  and  are  sheathed  in  a  thickened  lower  lip,  which  is 
terminated  by  two  fleshy  suckers :  the  maxillary  palpi  are  attached 
to  the  base  of  the  maxilhe. 

The  singular  spiral  "antlia"  of  the  butterfly  and  other  Lepido- 
ptera  is  formed  by  the  elongated  slender  maxillae,  still  characterised 
by  the  minute  palpi  at  their  base.  The  inner  margins  of  the  max- 
illae are  concave,  and  the  edges  of  the  channels  are  in  close  contact^ 
or  are  confluent,  so  as  to  form  a  canal  along  which  the  juices  of 
flowers  can  be  pumped  up  into  the  mouth.  Each  maxilla  is  likewise 
hollow,  and  it  is  uncoiled  or  coiled  by  the  varying  tension  of  this 
canal.  The  labial  palpi  are  of  large  size,  and  defend  the  antlia  when 
it  is  retracted  and  coiled  up.  The  labrum  is  a  small  triangular 
piece,  which  bends  down  towards  the  mouth,  and  the  rudimental, 
conical,  slightly  bent  mandibles  are  hidden  by  the  labial  palpi. 

The  large  curved  piercing  jaws  of  the  Centipede  are  hollow,  and 
traversed  by  the  duct  of  a  poison-gland.  The  anterior  pair  of  legs 
are  modified  to  come  in  aid  of  the  jaws  in  some  predatory  insects, 
notably  in  the  Mantis,  Nepa,  and  Ranatra,  where  they  serve  to 
seize  and  hold  the  food  to  the  mouth. 

The  alimentary  canal  is  most  simple  in  the  larvae  of  insects,  in 
which,  as  in  worms,  it  usually  extends,  without  convolutions,  from 
cue  end  of  the  body  to  the  other  ;  in  a  few  larvae,  as  that  of  the  bee, 
it  has  only  the  anterior  opening  or  mouth,  and  the  opposite  or  anal 
orifice  is  not  developed  until  the  pupa-state.    In  all  mature  insects 
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the  alimentarj  tract  presents  the  two  distinct  apertures  :  It  is  simplelt 
in  the  carnivorous  larviform  Myriapods ;  presents  more  numerous 
and  diBttnct  constrictions  and  divisions  in  the  Hexapods,  and  increases 
in  complexitj  and  length,  as  the  food  requires  most  preparation  in 
order  ti  its  conversion  into  the  animal  nutrient  fluid  or  chyle. 

The  oesophagus  of  the  Centipede  is  long,  and  dilated  posteriorly, 
where  it  communicates  with  the  stomach ;  this  is  a  small  muscular 
cavity,  bent  upon  itself,  and  lined  by  a  longitudinally  plicated  horny 
membrane.  The  intestine  is  long,  straight,  and  wide,  slightly  saccu- 
lated transversely;  it  contracts,  and  is  longitudinally  folded  near  its 
termination.  In  the  lulus  a  short  and  wide  ccsophagus  expands  into 
a  shorter  and  wider  muscular  stomach*  This  is  succeeded  by  a  long 
and  wide  chylific  stomach,  with  longitudinal  folds,  separated  by  a 
circular  linear  constriction,  in  the  posterior  third  of  the  body,  from 
tho  intestine  :  this,  again,  is  divided  by  a  second  constriction  into  two 
iKjunl  parts,  the  first  longitudinally  folded  like  the  storattch,  the  Inst 
puckered  into  short  transverse  sacculi,  until  within  a  little  digtonce 
of  the  anus,  which  is  protected  by  a  pair  of  horny  valves. 

In  the  Polydcsraus  the  OBSophagus  gradually  expands  into  the  long 
chylifSc  stomach,  which  is  separated  by  a  short  contracted  pyloric 
tube  from  the  inti^stine.  This  suddenly  swells  out  to  equal  width 
with  the  stomach,  is  puckered  up  in  its  posterior  half  by  sliort  trans- 
verse pHcse,  where  it  first  gradually,  and  then  suddenly,  contracts  to 
terminate  at  the  anus. 

The  accessory  glands  of  the  digestive  tract  are  slender  tubes  in  tho 
Myriapod  as  in  the  Hexapod  trucheary  Insects.  In  the  Polydesmus 
and  lulus  there  are  two  such  salivary  glands  at  the  sides  of  the  ceso- 
phagus,  converging  anteriorly  to  open  into  the  pharynx.  The  more 
compact  and  similarly  situated  poison  glands,  which  terminata  in  the 
large  perforated  booked  mandibles,  in  the  Centipede,  are  superadded 
to  the  simpler  salivary  glands  of  the  Chiloffnatha, 

Slender  biliary  tubes  creep  upon  the  intestinal  tunics  in  the  Cen- 
tipede, and  pour  their  secretion  into  the  canal  close  to  the  gizzard. 
Excretory,  probably  urinary,  tubes  open  into  the  terminal  division 
of  the  intestine ;  and  these  are  present  in  the  lulidae. 

llie  alimentary  tract  in  Hexapod  Insects  is  divided  into  pharynx, 
(Bsophagus,  ingluvies  or  crop,  gizzard,  chylific  stomach,  small  intes'- 
tine,  csscum^  and  rectum.  All  these  parts  rarely  co-exist  \n  the  same 
insect.  The  oesophagus  is  directly  continued  from  the  sucking  ap- 
paratus in  Mausteltate  Insects  without  a  pharyngeal  dilatation. 

In  the  carnivorous  Dragon-fly*  the  alimentary  tract  is  short  and 
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straight :  there  is  neither  crop  nor  gizzard,  the  chylific  stomach  is 
long,  cylindrical,  and  is  divided  from  the  oesophagus  by  a  slight  con- 
striction ;  the  short  intestine  which  succeeds  is  dilated  at  its  com- 
mencement, and  plicated  longitudinally  as  far  as  the  contracted 
rectum.  In  other  insects  a  duodenal  and  iliac  tract  of  intestine  may 
be  distinctly  recognised.  In  the  tiger-beetle  {Cicendeloy  Jig.  150) 
and  the  carnivorous  CarcUndaf 
there  is  a  small  gizzard  (6), 
preceded  by  the  usual  ingluvial 
dilatation  of  the  oesophagus  (a) 
and  followed  by  a  long  chylific 
stomach,  the  external  surface  of 
which  is  beset  with  secerning 
follicles  (c).  The  small  intes- 
tine (e)  makes  a  slight  bend 
before  terminating  in  the  di- 
lated colon  (/). 

The  alimentary  canal  of  the 
browsing  cockchafer  is  consi- 
derably longer,  and  is  disposed 
in  three  or  four  coils.  But  in 
the  Orthopterous  vegetable- 
feeding  insects^  the  canal  is 
characterised  by  its  superior 
width  rather  than  by  its  length  ; 
and  in  them  the  complications 
requisite  for  animalizing  the 
food  are  chiefly  manifested  by 
the  gastric  division.  The  oeso- 
phagus dilates  into  a  wide  glandular  crop  in  the  cockroaches*  and 
locusts -f,  and  has  a  similar  receptacle  appended  to  it  in  the  mole- 
cricket.^  The  gizzard  has  a  strong  muscular  coat  and  a  callous 
epithelium,  the  inner  surface  of  which  is  beset  with  projecting  teeth 
or  hooks,  as  in  the  cockroach,  or  with  scale-like  plates,  as  in  the 
cricket,  generally  disposed  in  longitudinal  rows.  The  tunics  of  the 
chylific  stomach  are  produced  at  its  commencement  into  csecal  ap- 
pendages, which  augment  and  complicate  its  cavity.  There  are  two 
such  caeca  in  the  common  and  mole-crickets,  four  in  Locusta  ser* 
rata,  six  in  the  migratory  locust,  and  eight  in  the  cockroach.  In  the 
coleopterous  BuprestidcB  the  stomach  is  prolonged  into  two  caecal  ap- 


Cioendela  campettrli. 


Preps.  Nos.  607,  608,  609. 


t  Nos.  443.  610. 


X  Na  611. 


87i  LBOTURI  XVU. 

fiPAdifMi  lU^mMlvei  betot  by  tmallor  caeca.    In  the  witer-beetles  a 
teflflfb  mooum  axlendt  forward  from  the  rectum. 

Tbe  f  laaard  always  ooexUto  with  the  crop,  but  not  always  the 

Mffk  wtib  the  gissanli  in  insects.    AU  the  suctorial  species  have  a 

aMu^  •liber  appended  to  tbe  cosopbagus,  or  forming  a  preliminary 

kti<m  to  tbe  ebyUfic  stomach.    It  is  of  small  sise  in  the  bug 

I  w»  k^hihriu^X  aucl  almost  obsolete  in  other  Hemiptera.    In  the 
»  0^  \^\)\  Ibe  cisopbagus  (a\  baTing  traversed  the  thorax  as 

II  .      fuHK^-bag  ^4)^     Tba    valvular    funnel^ 
"ka     I  iMticMi  of  the  ehyllie  iteiaaiib  (c)  pro- 

■  mW  Ib0  abb  i4'  Ibe  bigliivkl  feserYoir* 

i(km%  h^  wUbitrawo  by  a  «p^*«al  actios,  la 

t  IftlMtltit  IW^iaffliKMi  of  ibp  i»«ctar  for 

«  iMllltaii^      M  !«•  ttantf:  it  ibiHi  x^ 

4  b>  an  anlijKiilalftltUy  iiMiii%  mA  fbraa  a 

■M  m(  i|iMiaftu«c^|itioa  in  tito  tsm^  oiiaitiartiag 

blhb^Mwiiktiit,  ^kiM.Hl  tijcii^taQbi  fbe  tbe 

m  i«i»«ia  vttAil  ifai  bee  wacbos  tu  biire  j      ^^^^  ^^,    ^^^ 

I.  lliMl|]l%  baviiif  iiuifo«!g<MMi  a  «ligbt 

iM         'dbWl  a|ih^^*  i^  b^a  MiAoi^pdblii  of  tba  acetous  fermontation, 

km  lb  iMtt  ikH  ^MMtt  ffilUt  tnl  Ite  W>p  collopacs  into  Ion- 

Jlk    IhH  ^tloMb^  tjamaiilt  (^  li  bog,  gradually  widened 

«v«  km  «in«biu«4^lK^  m^  lnhiM%««iiely  lilkiili^     Tho  Ileum  (e)  is  short 

4iul  UviulvA     I  Ik   ov>Ivu  oa   iwuim  {/\  wide  and  capable  of  great 

vUj^uuciuuu      ihv   bsK*  .^a  N^UuU   Huaicr  experimented f  endured  a 

Uui^  vviuiuviuvut,  Nut  cv'uUl  uo;  bo  com^Ued  to  foul  their  hive;  as 

^vK'u  ia  Mkm^ucnU  ihv>  ioov'    u  tho  :ur  aud  dic^burthened  their  over- 

\i\  iiw  lAi>uUvU4*4  ,/^.  ^>i>..\  tho  iugluvies  pr<yects,  like  a  bag, 
IU»U4  vUs^  'uU  i  ^Ik  v^oj»ha^a*  v^/ > ;  uid  ill  the  i?^y<e/i<e  it  is  diyided, 
v^  vH  Uvv  ^u^v  .'a*  uu'  u^o  c\|u»U  ^ojLt^  Che  ch^lilic  stomach  is  very 
UK^U,  Uuv  ^^  ^uvvuIhUsI,  uul,  livWA'diu^  tv  Meckel,  is  shaggy  in  the 
Inv^vU^  'v\v\  I  lUs'V^  ^^*>>  >Au^  i:tt5^<s^xu{e  i^^  is  louger  and  more  con- 
V  '.'U^Kvl  UvvV'v  'V4  iho  boo  .  iriv  Utt-^  ^ul  {m)  \s  *hort  and  wide. 

\\s  iU    l\|'>viA  U^v>  yivy  Jv  tbvHi^h   *iiuattHi  upon  the  stomach  in 

•  U     s»vK''^  %  'n^    v4»i>o**dvd  by  a  long  and  slender  neck  to  the  be- 

u « M  M  <^    t  I Uv  lui  ivw  vAN^>phagu5.     The  lower  end  of  the  oesophagus 

^  ...  U  till V'  ^1k'  vl^^btlc  stomach,  the  cardia  being  sometimes  marked 

t  ,  ,    J  {y  i  >  M  ( >^^  vibicb  is  the  remnant  of  a  small  bladder  existing  there 

<  >v     U'  V  \      'tbo  small  intestine  is  conToluted  ;  the  rectum  short 
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and  dilated,  and  provided  with  two  lateral  conical  glandular  bodies.* 
Hunter  made  experiments  to  determine  the  function  of  the  appen- 
diculated  crop.  ".  I  kept  a  flj,"  he  says,  "  for  twelve  hours  without 
food,  and  then  gave  it  milk  and  killed  it,  and  found  no  milk  in  the 
crop,  but  it  had  got  through  almost  the  whole  tract  of  intestines  : 
here  the  animal  had  immediate  occasion  for  food,  therefore  the  milk 
did  not  go  into  the  crop.  This  experiment  at  the  same  time  shows 
that  every  part  of  the  intestine  digests."  Another  time  Hunter  killed 
his  flies  after  they  had  drunk  their  fill,  and  found  the  crop  full,  as 
well  as  the  stomach  and  intestines  :  he  suspects,  therefore,  that  the 
crop  serves  as  a  reservoir,  and  **  that  when  there  is  more  food  than 
what  is  immediately  necessary,  then  it  is  thrown  into  the  crop  to  be 
used  in  future."  f 

The  result  of  Hunter's  first  experiment,  and  the  absence  of  the 
crop  in  the  fiea  and  some  other  suctorial  insects,  negative  the  idea  of 
Burmeister  that  the  crop  in  Hynfienoptera^  Lepidoptera^  and  Diptera 
promotes  the  suction  of  food  by  a  voluntary  power  of  self-expansion, 
if  even  the  structure  of  the  part  justified  the  idea;  but,  on  the  con- 
trary, they  prove  it  to  be  a  receptacle  of  nutriment 

In  the  Cicadidse  the  chylific  stomach  is  of  great  length,  intestini- 
form,  looped,  and  its  termination  is  connected,  penetrating  in  Cicada 
beneath  the  muscular  tunic  of  the  first  stomach,  but  it  does  not 
communicate  therewith :  the  chymified  fluids  pass  at  once  from  its 
termination  into  the  intestine. 

The  entire  alimentary  canal  consists  of  three  tunics, — an  external, 
fine,  membranous,  or  peritoneal  layer ;  a  compact  muscular  coat  com- 
posed of  a  layer  of  longitudinal  and  a  layer  of  circular  fibres^  most 
developed  at  the  two  extremes  of  the  canal ;  and  an  internal  mucous 
coat,  the  chitinous  epithelium  of  which  is  thickest  at  the  pharynx 
and  the  rectum.  Between  the  muscular  and  epithelial  coats,  in  the 
intestinal  division,  there  is  a  white  spongy  layer  of  tissue,  composed 
of  aggregated  cells,  compared  by  Ramdohr  to  transuded  chyle,  and 
which  is  sometimes  the  seat  of  gastric  glands. 

The  several  divisions  and  convolutions  of  the  alimentary  canal  are 
supported  and  attached  to  the  a^oining  parts  by  the  air-vessels: 
there  is  no  mesentery. 

At  least  three  kinds  of  glands  add  their  secretions  to  those  of  the 
caeca  and  follicles  of  the  alimentary  canaL  The  first  kind  open  in  or 
near  the  commencement  of  the  canal,  and  are  regarded  as  salivary 
glands.     They  are  classified  by  Professor  Burmeister  as  follows:  — 

♦  Prep.  No.  2123. 
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A.  Salivary  vessels  wliicli  open  into  the  mouth,  generally  beneath 
the  tongue,  some  tiroes  at  the  base  of  the  mandibles.  They  take  the 
following  forms :  — 

1.  As  simple,  long,  yndwided,  tmsted  tubes  ;  thus  in  the  majority 
of  insects,  viz.  all  butterllics,  many  beetles,  and  fliea. 

2.  As  a  narrow  vessel  which  emptier  itself  into  one  or  two 
bladders,  whence  the  salivary  duct  originates  {Nepa,  Cimex^  Sarco" 
phaga), 

3.  As  a  ramose  vessel  with  blind  branches  (Biaps), 

4.  As  two  long  cylindi'ical  pipes,  which  unite  into  one  excretory 
duct  (RcduviNs), 

5.  As  four  bDiall,  round  bladders,  each  pair  of  which  has  a  common 
duct  {Pahj.\  L^geciiSj  Cimex), 

6.  As  a  multitude  of  such  vesicles  {Nrpa}, 

7.  As  capitate  tubes,  in  the  free  ends  of  which  many  very  fine 
vessels  empty  theMselYes  (  Tab€imui)^ 

8.  As  tubes  which  at  intervals  are  surrounded  by  spiral  cteca 
{Cicada), 

0.  As  granulated  glands,  which  on  each  side  unite  into  a  salivary 
duct,  both  of  which  join  into  a  single  excretory  duct*  Miiller  has 
observed  this  high  form  of  conglomerate  salivary  glands  in  Fha$ma  ; 
Treviranus    in    Apis ;    and   Burmeister  in  Locusta^  Gryllus^   and 

Some  Entomologists  ascribe  a  hepatic  function  to  the  closely  ag- 
gregated  cells  forming  the  internal  tunic  of  the  chylific  stomach,  and, 
with  more  reason  perhaps,  to  similar  cells  in  the  C£Bcal  appendages 
of  the  stomach,  when  these  are  present.  A  pancreatic  function  is 
aligned  to  certain  glandular  appendages  to  the  ilium,  as  e.g,  to  the 
two  or  four  rows  of  follicles  in  that  of  some  hugB{Pentatomida!\ 
and  to  the  ramified  appendages  below  the  gastric  (hepatic?)  caeca  in 
the  mole-cricket  (Grj/iioiafpa).  Tbere  are,  however,  secerning 
organs,  in  the  condition  of  long,  slender,  cylindrical  tubes,  such  as 
Cuvier,  who  seems  not  to  have  been  aware  of  the  conglomerate 
structure  of  certain  salivary  and  seminal  glands,  describes  as  the 
character  of  all  the  secreting  organs  in  insectSi  which  tubes  have  a 
degree  of  constancy  more  befitting  the  important  excretory  and 
accessory  digestive  functions  of  a  liver,  than  the  exceptional  cha- 
racter of  the  parts  above  cited* 

These  tubes  are  called  **  Malpighian,**  after  their  discoverer.*  lo 
a  few  instances,  as  Coccus,  Chermes^  and  Aphisy  they  are  wanting :  in 
almost  all  insects  ihey  are  four  in  number,  never  fewer;  sometimes 
they  are  six  or  eight  in  number :  in  a  few  instances,  as  the  mole- 
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cricket  and  cockroach,  they  are  very  numerous.  Burmeister  has 
generalised  the  observations  of  different  anatomists  on  the  Mai- 
pighian  tubes,  as  follows:  — > 

1.  Four. 

a.  Free  at  the  end ;  most  Dtptera^  and  the  families  Termi- 
iinoy  Psocinoy  and  MaUophaga. 

b.  Anastomosing ;  many  CokopterOy  Hemipterc^  and  Diptera. 

2.  Six  tubes. 

a.  Anastomosing;    many   Coleoptera ;  for  example,    Ceram- 
bydna  and  Chrysamelina. 

b.  Free  at  the  end ;  Lepidoptera. 

3.  Eight  free  tubes ;  Neuraptera. 

4.  Many  tubes ;  Hymenopteray  OrihapterOy  and  the  Dictyoptera 
subuUcomia. 

Those  Malpighian  tubes  are  longest  which  are  fewest  in  number : 
they  lie  in  folds  by  the  side  of  the  stomach  and  intestine^  and  ter- 
minate in  a  circle  at  the  commencement  of  the  small  intestine.  la 
Lygceus  apterus  they  terminate  in  a  dilatation  on  one  side  of  the 
gut. 

Uric  acid  has  been  detected*  in  these  tubes:  they  have  no  proper 
epithelial  lining,  but  are  filled  with  cells,  disposed  in  rows :  these 
cells  contain  mucus  and  numerous  fine  granules,  which  impart 
a  yellowish  or  greenish  colour  to  the  tubes.  The  granular 
contents  pass  by  rupture  of  the  discharged  cells  into  the  intestine, 
and  may  be  found  accumulated  in  the  colon  or  csecum:  they  are 
ultimately  evacuated  with  the  faeces.  K  no  biliary  principle  be 
eliminated  together  with  the  uric  acid  from  the  Malpighian  tubes, 
they  are,  nevertheless,  by  the  character  of  their  connections,  relative 
position,  and  place  of  development  from  the  alimentary  canal,  the 
homologues  of  the  hepatic  organs.  The  glands,  which  by  the  same 
morphological  characters  are  more  strictly  urinary,  are  usually  in  the 
form  of  long  and  delicate  tubes,  but  sometimes  present  the  structure 
of  groups  of  round  vesicles,  as  in  the  CarabuSy  in  which  the  common 
duct  terminates  in  a  small  dilatation :  the  urinary  bladder  is  likewise 
present  in  the  water-beetles.  The  excretion  is  poured  into  the  ter- 
mination of  the  intestine,  or  evacuated  contiguous  to  the  anus. 

No  absorbent  vessels  have  been  detected  in  insects:  the  chyle, 
which  is  a  clear  or  greenish  fluid,  with  round  or  oval  corpuscles,  is 
supposed  to  transude  through  the  tunics  of  the  intestine  into  the 
free  cavity  of  the  abdomen :  it  passes,  in  reality,  into  the  wide  and 
irregular  sinuses  which  seem  to  constitute  the  cavity  of  the  abdomen, 
but  which  communicate  with  similarly  ill-defined  venous  receptacles 
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exlendln*  into  other  parts  of  the  body  and  its  appendages,  resembling 
the  general  interspaces  of  the  oellukr  tissue,  and  constituting  the 
venous  sjstem,  through  which  the  blood  moves  in  a  deiiQite  and 
regular  course  to  the  heart.  This  organ  (^.  160,  *)  is  an  elongated 
muscular  and  valvular  tube^  situated  along  the  middle  of  the  back^ 
and  usually  called  tlie  dorsal  vessel :  it  is  largest  in  the  abdomen,  and 
so  diminishes  anteriorly,  that  its  continuation  in  the  thorax  may,  in 
most  insects,  be  regarded  as  the  aorta, 
It  is  retained  in  its  position  by  flat- 
tened triangular  bands  of  muscular 
fibres*  This  character,  its  distinct 
transverse  linear  muscular  fasciculi, 
its  slight  constriction  at  reguloi'  in- 
tervaJs,  and  the  peculiar  valvular 
loops  at  these  constrictions,  charac- 
terize the  long  and  slender  vasiform 
dorsal  heart  in  the  lulus  and  Scolo- 
pendra,  and  indicate  a  corresponding 
advance  with  the  rest  of  the  articulate 
structure  beyond  the  condition  of  the 
pulsiiting  dor^^al  sanguiferous  tube  in 
the  AnelUds. 

In  tlic  perfect  I  lex  a  pod  Insectt  the 
heart  (^<7.  152)  has  the  appearance  of 
a  series  of  slightly  conical  segments 
(a),  partially  sheathed  one  upon  the 
other:  lateral  apertures  (c,  b)  exist 
at  the  sides  of  the  intus-susceptions^ 
where,  in  fact,  valvular  folds  (c,  cQ 
of  the  inner  tunic  do  project  into  the 
interior  of  the  heart,  and,  with  the 
semilunar  valves  (<;),  partially  divide 
its  cavity  into  so  many  separate  cham- 
bers. The  whole  of  this  part  of  the 
heart  is  included  in  a  saccular  venous 
sinus  (a,  c),  from  which  the  blood 
passes  into  the  interior  of  the  heart, 
and,  by  the  disposition  of  the  valves, 
it  is  at  once  prevented  from  returning 
into  the  sinus,  or  passing  in  any  other 
direction  in  the  heaia  than  towards  the  head,  or  into  the  next  chamber 
in  advance  of  that  by  which  the  fluid  was  admitted.  The  number  of 
venous  orifices  varies  in  different  insects :— in  must  species  there  are 
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eight  pairs  of  apertures ;  in  the  stag-beetle  {fig.  152)  there  are  six 
pairs ;  in  the  humble-bee  five  pairs ;  in  the  phasma  there  is,  according 
to  Miiller,  only  a  single  pair  at  the  posterior  chamber  of  the  heart, 
by  which,  in  fact,  in  all  Insects,  the  chief  currents  of  the  blood 
appear  to  enter  the  organ.  As  far  as  the  head  the  blood  is  propelled 
from  the  heart  along  a  tubular  aorta  of  the  usual  form ;  but  the 
branches  from  this  (b)  would  appear  soon  to  lose  themselves  in  the 
generally  diffused  sinuses.  In  the  Myriapoda,  however,  the  blood  is 
continued  in  a  vessel  along  the  dorsal  aspect  of  the  ventral  nervous 
chord ;  but  the  traces  of  the  true  tubular  vascular  system  are  scanty 
and  obscure. 

The  blood  of  Insects  is  usually  a  colourless  fluid,  sometimes 
greenish  or  straw-coloured,  rarely,  as  in  the  larvae  of  Chironomus, 
approaching  to  a  red  colour :  it  contains  flattened  oat-shaped  par- 
ticles, which  are  sometimes  tuberculated. 

Cuvier,  misled  by  the  anomalous  diffused  condition  of  the  venous 
system,  supposed  that  there  was  no  circulation  of  the  blood  in  Insects ; 
yet  the  dorsal  vessel  was  too  conspicuous  a  structure  to  be  overlooked. 
Such,  however,  was  the  authority  of  the  great  anatomist,  that  the 
nature  of  the  heart  began  to  be  doubted,  and  the  strangest  functions 
to  be  attributed  to  it.  Hunter,  however,  who  was  prepared  to  ap- 
preciate the  true  state  of  the  circulating  system  in  insects,  by  his 
discovery  of  the  approximatively  diffused  and  irregular  structure  of 
the  veins  in  the  Crustacea,  has  described  in  his  Work  on  the  Blood* 
all  the  leading  characters  of  the  circulation  in  Insects  as  it  is  recog- 
nised by  Comparative  Physiologists  of  the  present  day.  He  says, 
that,  ''  As  the  lungs  of  the  flying  Insect  are  placed  through  the  whole 
body,  the  heart  is  more  diffused,  extending  through  the  whole  length 
of  the  animal;"  that  << where  the  veins  near  the  heart  are  large,  there 
is  no  auricle,  as  in  the  lobster  and  generally  in  insects ; "  that ''  in 
the  winged  Insects,  which  have  but  one  heart,  as,  also,  but  one  cir- 
culation, there  is  this  heart  answering  both  purposes  "  (viz.  the  cor- 
poreal and  pulmonary  circulations);  and  again,  ''with  respect  to  its 
use,  it  is,  in  the  most  simple  kind  of  heart,  to  propel  the  blood  through 
the  body,  immediately  from  the  veins,  which  blood  is  to  receive  its 
purification  in  this  passage,  when  the  lungs  are  disposed  throughout 
the  body,  as  in  the  flying  Insect."  In  the  note  at  p.  221.  he  alludes 
to  the  animals  in  which  the  veins  are  entirely  cellular ;  and  expresses 
his  idea  more  definitely  in  the  following  passage  from  his  manuscript 
Observations  on  Insects: — "  Of  the  veins.  The  veins  of  the  Insect 
would  appear  to  be  simply  the  cellular  membrane ;  but  they  are 

♦  CCXLVIIL  p.  220.  et  seq. 
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regularly  formed  canals,  although  not  ao  distinctly  cylindrical  ainals 
fts  in  the  quadruped,  &e-,  nor  branching  with  that  regularity.  They 
would  appear  to  be,  or  to  fill  up,  the  interstices  of  the  ilakea  of  fat, 
air-cells,  muscles,  &c.,  and  therefore  might  be  called  in  aome  measure 
the  cellular  membrane  of  the  parts,'*  • 

The  chief  merit  of  the  rediscovery  of  the  circulation  of  the  blood 
in  insects  is  due  to  Carusj ;  its  phenomena  have  been  witnessed  in 
the  appendages  of  insects  by  other  observers,  as  Elirenberg,  Wagner, 
Burmeister,  Bowerbank,  and  TyrrelL  Hunter  counted  thirty-four 
pulsations  in  a  minute  in  the  heart  of  a  silkworm.  Herhold  counted 
from  thirty  to  forty  pulsations  of  the  heart  in  a  minute  in  a  full- 
grown  caterpillar:  Suckow  observed  thirty  per  minute  in  a  full- 
grown  caterpillar  of  the  pine  moth,  and  only  eighteen  in  its  pupa 
state^  The  action  of  the  heart  is  accelerated  in  insects*  as  in  other 
animals,  by  muscular  exertion  and  excitement ;  and  Newport  has 
counted  as  many  as  142  pulsations  in  a  minute,  in  a  species  of  wild 
bee  so  excited* 

Although  the  anatomist  searches  in  vain  for  that  profusion  of 
arterial  and  venous  vessels  which  pervade  the  body  of  most  animals, 
the  insects  are  not  without  their  sy sterna  of  capillary  tubes,  which 
ramify  as  richly  over  all  the  organs  and  through  every  tissue,  and 
which  connect  together  the  different  parts  of  the  body.  These  ves- 
sels, however,  carry  air  instead  of  blood :  the  relations  between  the 
sanguiferous  and  respiratory  systems  are  reversed,  and  the  air  is  dis- 
tributed by  a  vascular  system  over  the  reservoirs  of  blood,  instead  of 
tiie  blood  being  distributed  by  a  cnpillury  net*work  over  reservoirs  of 
air.  The  aeriferous  tubes  in  insects  are  called  "  tracheJE,"  having 
their  parietes  strengthened  by  an  elastic  cartilaginous  filament,  not 
indeed  disposed  in  a  series  of  distinct  rings,  but  in  a  continuous  close 
spiral  coil.  By  this  structure  the  most  delicate  and  invisible  ramifi- 
cations of  the  air-tuhcs  may  be  easily  recogniecd  under  the  micro- 
scope. The  spirfll  filament  is  situated  betwetiu  the  external  cellular 
and  an  internal  delicate  epithelial  lining. 

The  trachea?  commence  either  from  lateral  apertures,  called  spi- 
racles and  stigmata  {^ff*  153,/),  or  from  pneumatic  lubes  (i),  gene- 
rally continued  from  the  anal  segment ;  these  latter  are  peculiar  to 
insects  which  live  in  water,  as  the  Nepa  and  Ranatra;  and  usually 
co-exist  with  stigmata. 

The  air  is  conducted  by  the  spiracles  or  the  pneumatic  tubes,  or,  as 


•  Vol  il  p.  3L  Mr.  Bowerbank  (CCXLIX.  p.  239),  accurau*!^-  obeerved  that 
the  !>lt)od  WHS  inclosed  id  dtsttnct  parietes  btid  did  not  dow  m  the  comrooa 
atKlominal  cavity,  as  Canu  and  liVa^er  believed. 
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in  Nepay  bj  both,  into  a  large  longitudinal  tracheal  trunk  (jy\  which 
runs  near  each  side  from  one  end  of  the  bodj  to  the  other ;  thejr  are 
connected  together  by  transverse 
tubes,  which  run  across  the  pos- 
terior margin  of  each  abdominal 
segment,  and  distribute  an  in- 
finitude of  smaller  tracheal  ra- 
mifications. Some  of  these 
branches  dilate  into  air  recep- 
tacles {h\  the  number  and  size 
of  which,  like  the  air-cells  in  tj 
birds,  are  in  direct  relation  with 
the  powers  of  flight.  In  the 
Nepa  these  reseryoirs  of  air 
are  confined  to  the  thorax :  in 
other  insects,  as  the  grasshop- 
per, they  are  frequently  deve- 
loped also  upon  the  transverse 
abdominal  trache»:  they  are 
very  capacious  in  the  abdomen 
of  the  bee. 

The  spiracles  are  narrow 
two-lipped  orifices,  situated  nt 
various  points  on  the  external 
surface  of  the  body,  and  differ- 
ing in  number  and  size  in  diffe- 
rent insects.  In  the  Coleoptera 
there  is  a  spiracle  at  the  inter- 
space between  every  two  segments:  the  Diptera  have  the  fewest 
spiracles ;  they  are  reduced  to  two,  e.  ^.,  at  the  extremity  of  the  ab- 
domen in  the  CSstrus  larvae.  In  some  insects  the  orifice  is  situated 
upon  an  entire  oval  horny  ring.  In  many  insects,  especiallyijliose  that 
burrow,  the  margins  of  the  spiracles  are  defended  by  a  fringe  of  hairs, 
which  prevent  the  entry  of  extraneous  particles.  In  the  larvae  of  the 
lamellicorn  beetles,  the  orifice  is  closed  by  a  sieve-like  membrane, 
admitting  the  air  by  the  marginal  pores.  In  the  mole-cricket,  the 
thickened  margin  of  the  spiracle  is  strengthened  by  two  homy 
half  rings,  and  can  be  closed  by  the  action  of  a  small  sphincter 
muscle. 

Most  of  the  aquatic  larvae  breathe  by  temporary  gills  {hranehuB 
tracheales) ;  these  consist  of  membranous  cylinders  or  laminae  contain- 
ing  tracheal  tubes.  In  the  Phryganese  they  are  filiform,  united  in  groups 
of  from  two  to  fiYe^  developed  from  each  side  of  the  upper  part  of  each 
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iibdominal  gogmcnt,  and  projecting  townrds  the  back ;  in  llic  SifmUidm 
)>lumose  brancliia?  are  similarly  situated.  In  SiaUdct  the  branchiie  arc 
four  or  fivc-joiutt  d,  and  are  said  to  aid  in  swimming.  In  the  larval 
Mayflies  {Sphemerid^p)  each  of  the  anterior  abdominal  rings  lias  a  pair 
of  braochioPi  sometimes  ramifieil,  sometimes  of  two  kinds,  one  fasci- 
culate, the  other  hiroelliform,  and  performing  oscillatory  movements. 
Certain  larval  drngon-flies  {Agrion,  Cahpieryx)  have  three  long 
lamelliform  branchina  standing  vertically  on  the  hinder  part  of  the 
abdomen  :  others  (.'Kst/tna,  LiheUula)  have  numerous  epitlieliaJ  foldsi^ 
including  many  fine  btanchos  of  trachea:;,  projecting  into  the  Ijirge 
rectum,  the  outlet  of  which  is  provided  with  valves  to  regulate 
the  entry  and  escape  of  the  water  required  for  respiration.  Rosel* 
has  Ijcautifully  figured  the  branchiae  of  the  Gt/rinuSy  or  whirligig 
water-beetle.  In  a  large  N*  American  ncuropterous  insect  {Pfero^ 
narcy$  regalU)  the  branchiae,  developed  from  the  lovi^er  or  sternal 
arcs,  are  persistent,  and  co-exist  with  the  modified  branchim  from 
the  upper  arcs,  which  form  the  wings,  Tliey  coTisist  of  eight  pairs 
of  sacs,  supporting  numerous  long  setose  filaments,  which  form  a 
thick  tuft  from  the  exterior  of  each  sac  j  and  are  situated  over  the 
itigmata  at  the  infero-laleral  pnrts  of  the  lhoi*ax  and  anterior  seg- 
ments of  abdomen;  each  filament  is  traversed  by  a  tracheal  ve^Si4* 
Tlie  branchi-tracheal  system  is  more  simple  in  the  lurvse  of  Tipu* 
lida,  in  which  the  tracheae  that  transfer  the  air  from  the  water  ar« 
subcutaneous.  In  all  the  modifications,  the  tunica  of  the  branchial 
traeheiB  effect  that  transference  by  actions  analogous  to  endosmose 
and  exosmose.f 

Tlie  amount  of  respiration  is  directly  as  the  degree  of  the  activity 
of  the  insect;  and  its  temperature  is  increased  in  an  approximate 
ratio.  The  extraordinary  development  of  the  breatliif»g  organs  de- 
monstrate their  essential  relations  to  the  energies  of  the  muscular 
system ;  and,  by  a  minor  modification,  they  are  made  subservient  to 
the  diininiition  of  the  weight  of  the  insect.  In  the  Apterous  insects, 
and  especially  the  Myriapod^,  there  is  no  trace  of  air  vesicles,  but 
both  in  the  Centipede  and  lulus  the  minute  t rac he te  ramify  llironghout 
the  body. 

Tlie  powerful  and  often  disagreeable  odour  emitted  by  certain 
insects  in  their  larval  or  winged  state,  is  secreted  in  most  by  subcuta- 
neous fullicles^  and  excreted  at  particular  pnrls  of  the  body.  The 
Inrvm  of  the  CorcinelHdo'  and  Tenf/tredinidts  exude  such  lluid 
secretion  from  pores  diffused  over  the  surface  of  the  skin.  In  tlie 
water- beetle  (DytUcuB)  a  nauseous  fluid  escapes  from  the  cpphalo- 
thoracic  joint  i  in  many  MeioidtB  and  C/irt/mmcHdat  it  csc^ipes  from 
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the  knee-joints ;  in  the  bug  it  is  tie  product  of  a  single  pyriform 
gland,  situated  in  the  centre  of  the  metathorax,  and  opening  between 
the  hind-legs.  Other  insects  have  anal  glands,  in  the  usual  form  of 
tubes,  which,  in  the  Gt/rinida,  e.  g.,  emit  a  very  fetid  fluid.  In  the 
mole-cricket  the  anal  glands  consist  of  small  lobular  bodies,  opening 
into  a  reservoir  for  their  secretion.  In  the  Carahidce  and  Staphy^ 
linidUB  the  anal  glands  are  ramified,  or  are  vesicular,  and  have  long 
excretory  ducts  opening  into  muscular  reservoirs,  which  expel,  or,  in 
the  Brtichinus,  explode  the  excretion,  which,  in  the  latter  Bombar- 
dier-beetles, immediately  becomes  gaseous  on  its  ejection.* 

The  wax  of  bees  is  formed  in  little  scales  between  the  hind-pair  of 
legs.  The  saccharine  secretion  of  the  Aphides,  much  sought  after  by 
certain  ants,  exudes  from  teat-like  processes  near  the  vent.  The 
pungent  caustic  acid  (formic)  of  the  true  ants,  is  elaborated  by  a 
glandular  apparatus  in  the  anal  region.  The  termites  have  not  this 
excretion,  and  the  great  ant-eater  refused  to  feed  on  the  British 
species  of  Formieida  presented  to  it  during  its  captivity  at  the 
London  Zoological  Gardens,  probably  on  account  of  their  peculiar 
acid.  The  phosphorescent  organs  of  the  glow-worms  {Lawpyridai) 
and  fire-flies  (EUiterida)  consist  of  a  mass  of  spherical  cells,  filled 
with  a  finely  granular  substance,  and  surrounded  by  numerous 
tracheal  ramifications.  This  substance,  which  by  day-light  fills,  in 
the  glow-worms,  a  portion  of  the  abdominal  cavity,  shines  through 
the  thin  integument  of  the  ventral  arcs  of  the  last  abdominal 
segments.  In  the  fire-flief",  the  luminous  substance  shines  through 
two  transparent  spots  on  the  dorsal  arc  of  the  prothorax.  The  light 
brightens  and  dims  synchronously  with  the  acts  of  inspiration  and 
expiration  ;  it  appears  to  be  due  to  a  slow  species  of  combustion  kept 
up  by  the  oxygen  of  the  surrounding  trachea3.| 


LECTURE  XVIIL 

GENERATION   OF   INSECTS. 


In  the  generative  organs  of  insects,  as  in  those  of  plants.  Nature 
seems  to  have  been  prodigal  in  her  power  of  producing  endless 
varieties  of  forms  out  of  one  common  type  of  organ ;  these  varieties 
being  subservient  all  the  while  to  one  common  end  or  ofiice.  The  ana- 
logy of  the  reproductive  parts  of  the  insect  to  the  reproductive  flower 
is  the  more  striking,  from  the  brilliant  colours  which  the  essential 
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paria  of  g^peralioD  assume  in  Bom%  species  of  iosoct^.  But  all  insects 
are  dicQciou^  or  of  dijatinct  sex:  and  there  are  not  only  "males**  and 
'*  females  ;'*  but  in  certain  famOiea  tliere  are  other  kinds  of  indivi- 
duals, which  are  essential  to  the  succes^ftil  propagation  of  the  species. 
Iti  the  social  Bcej  and  Anta^  for  example,  there  i^  a  third  form  or  eon- 
dition  of  the  individual^  commonl/  called  ^^neut^r,"^  and  sometimes 
labourcr  or  nurse;  these^  however,  are  essentiallj  female^  having  the 
fa  male  organs,  but  imperfectly  d^r  eloped  and  passive  The  working 
b^  ftl  kast,  exert ijics  the  function  of  only  one  part  of  those  organ f, 
ill  flOGe««»rjf  part^  which  i^  metamorphosed  iato  a  special  poi^un 
organ ^  but  ivhieb  i&  the  hom^agne  of  tlie  ovipositor  in  fertile  f«fmnle 
iniiccts.  Tbis  working  bee,  or  **  aoB'bree«W/  as  Hunter  called  htr, 
relieTcs  the  parturient  qiieeii  of  ber  ova»  places  them  in  the  appra- 
prlalo  nest'Cell  and  feeds  the  larra  when  it  b  batched  ;  it  thus  acts 
the  pari  of  midwife  as  well  a^  nura?,  aad  \s  an  indispejasabk  adjnnct 
10  the  mMlttpltcaliun  of  tbe  ^»ecieaL  Tbene  m^  again,  in  insects,  a 
fcHirfh  moiliilcfttioii  of  ibe  tBdividiiB],  ia  nklios  to  the  ee3taal  func- 
tlon.  I  allnda  to  thmi  rcmmxkwkA^  iiaie  of  ite  j^dbk^  mhkdk,  tiie  the 
imyag  be«^  is  ao  arre^trd  stage  of  tbr  frtiiAK  ^iwfM^ttfHf  the  larvi- 
ptteuft  Indif  idoaly  Uut  which  prop«|ral<tii  \n  m  4;i»l  ^  iMsaal  gem* 
««lk»ii,  witbo^l  #esiaal  coocooree  m  hm^  mmUpnmk,    ^^m  pm&em^ 

A&  ^denial  ui  mvimmy  po^  ^^^^  ytffimm  mm  «mli% 
whilst  the  more  essential  crptn  .  .rjvQA'MVAi     *tkmm.  ai  th« 

outset  i>f  our  ^urTey  of  t^u-  g^'^r  r-'.***  -p^^it*,,  M¥i:  tlliiccva  in 
heitapod  inject*,  we  en<ytfjTMf#r  ffs^^  »jm^i4t  -vi^^*^  ^'t  iWividnais  in 
relation  to  that  function  —  mn^  ^j^^itM  •  4U4.^ii3.v  >Wiii«  itaiAltsj,  and 
procreant  virgins. 

Certain  nKxiitioaiic»n$i  <^f  jV  ->^Hv^^yv:  j\^:icuoiis  have  served  as  a 
basis  for  the  clas^itto^iion  of  t^r 'h^th'KH,  '^^'^^  "^^^^  ^^'  which,  as 
e.p.Jfytet^,  an^  $^id  to  \>r^^rt^r'H  ^^'^^'^^^'^*^^  ^"^  have  been 
caiUni  ^^amotaMa/"  Oeh^f^.  ^<  x  >v^^'  Mynapoduy  Ht^niptera, 
and  Ortkt^>ttf>a,  aiv  ^^^-T^^d  ^rr  **t^'^^"*^'^^*^'^^  treatides  as  undergoing 
only  a  partial  n>etawK^;*p>^^4^.  ^r^S  ^'^*^^»  '^  bemimetabohi;'  The 
metamorpbo^i*  W%vi^  ^c^^s  •  •  -*-  Lvn^pkuou:^  iu  the  rest  of 
the  cUv^s  i*  adi^>f«H|,fiii^  V  ^r^^''^''^^\  ^umplete,  and  made  the 
chat*HCteriiitic  %S(  tW^^y^MSfe^^  ''|'%t#  div  ii*ioiis  so  fuunded  and  de- 
ftnei!  att^  tiiMirtKs^(i,^!|,^|,^^|jj^l*<«|*^tt*^^^^»  compara- 

ti^-e  «inato*wiPi|,  i^A  W ^  ^^•''f  **^*^  *^^  evidently  less  natural 
thaw  the  .H\tiM%  n^  ^ttH***^  V**^****  ^^  '^^  characters  of  the 
wi)\g#. 

The  <^\f<^^i(^   i1,UjtJHl»  ^*^  diali>guisli  the  sexes  of  insects 
fi\^  \<^A   ^-^^'^^tteif^jUt  '■»>  ^  ll;H«Ha*    tJ^e  external  outlets  of 
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the  generative  organs  of  the  male  are,  however,  in  the  Chilognatha, 
as  in  many  Crustacea,  situated  on  a  segment  posterior  to  that  which 
is  perforated  by  the  generative  organs  in  tlie  female. 

In  the  male  Giillj-worm  (lulus  terrestris),  the  testis  consists  of 
minute  cseca  appended,  for  the  most  part  alternately,  to  the  sides  of  a 
long  efferent  tube  :  there  are  two  of  these  on  each  side,  which,  com- 
mencing in  the  posterior  fourth  of  the  body,  advance  forwards,  and 
unite  on  each  side  so  as  to  form  a  pair  of  tubes ;  the  csecal  glands 
continue  to  be  developed,  but  in  smaller  number,  and  from  one  side 
principally  of  each  of  the  common  tubes.  These  tubes  then  ap- 
proximate, communicate  together  by  three  or  more  transverse  canals, 
and,  after  a  slight  bend  or  convolution,  extend  straight  forward  to 
the  sternal  arc  of  the  seventh  segment  of  the  trunk,  where  they  ter- 
minate by  distinct  orifices,  on  short  conical  protuberances,  behind  the 
seventh  pair  of  legs. 

The  structure  of  the  spermatic  'cseca  is  so  similar  to  that  of  the 
longitudinal  tubes,  that  the  secerning  function  is  doubtless  exer- 
cised by  both  parts ;  they  consist  of  a  thick  mucous  coat,  with  an 
external  muscular  tunic ;  they  are  situated  beneath,  or  ventrad  of, 
the  al'mentary  canal,  and  between  the  two  large  salivary  vessels. 
In  the  Crustacea  the  testes  are  dorsad  of  the  alimentary  canal,  and 
their  ducts  external  to  the  glandular  appendages  of  that  canal. 

The  transverse  anastomosing  canals,  between  the  right  and  left 
testes,  remind  one  of  the  single  transverse  communication  between 
the  two  testes  in  the  lobster  and  in  the  crawfish ;  but  this  character 
is  so  multiplied  —  Newport  ♦  having  found  more  than  twenty  such 
transverse  canals  in  one  species  of  lulus  —  that  the  testes  offer  no 
unapt  resemblance  to  a  ladder.  In  a  large  species  the  same  la- 
borious entomotomist  discovered  that  the  semicorneoua  intromittent 
organ  was  defended  by  an  uncinated  valve,  serving  as  a  holder  or 
clasper. 

The  contents  of  the  testes  are  a  clear  fluid  at  the  hinder  beginning 
of  the  organs,  but  it  becomes  thick  and  more  opaque  as  the  outlets 
are  approached.  The  change  is  due  to  the  appearance  of  numerous 
sperm  cells,  !•  450th  of  a  line  in  diameter,  with  a  highly  refracting 
nucleus  r750th  of  a  line  in  diameter,  lying  close  to  the  cell-wall.  In 
the  progress  of  development  the  nucleus  enlarges  and  becomes  conical, 
the  apex  protruding  from  the  surface  of  the  cell,  which  finally  dis- 
solves and  leaves  the  nucleus  free.  This  is  the  spermatozoon  :  its 
breadth  always  exceeds  its  height  or  length.  In  the  lulus  fahulosus 
the  cell- wall  becomes  enlarged  at  the  part  opposite  to  the  nucleus, 
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mstA  m  ymg  mM  »kr^4rf  mtifil  ii  coi>Tintied  from  tlte  mi^dk  o(f  tlic  ardi« 
vLidi,  mfi^  t  <%rf 4io  c^finmc^  bf^oroes  dbposcd  in  a  9CTi«  of  parogpea* 
lit  el  J  iAcrrmfiiig  iramvrr^p  MtU,  and  Siudlj  di  rides  inio  terete 
pjh for tti  i«ci  :  il^ejc  lire  th^  acee^siirr  Te»iek^  Tbe  i 
leoatinued  from  iLe  Ktwer  ends  c£  ilie  fu^foriD  le^es  bend  op- 
vmrd  4i{>on  themselTfiL,  A»d  diUte  into  r^eixoir^  cilM  **  a 
tJieci»w*  fiioular  in  sj£e  mDii  shape  to  the  testes  tbemselres^  mmd 
of  thme  tenalriate»  «e|«rtt«ij  upon  the  anal  Mf  nicnt-  Tbe  fiftaform 
laitet  kave  mamy  mall  poocb^  or  diTettienlm,  f^ivda^ced  frra  tbeir 

Itt  IM  ^MM»  /^MMitef.  tk€  itMtts  are  fustfonn,  bat  free  at  tlieir 
0ptm  p^mf  m40,  m4  fli^j  are  eTerrwber^  Ik^i  nitlt  n^iMfoin 
ii<if(bn»<<(  ^  pmfS^m  ^^«^rftrng  f«)lli€ies.  Three  to&g  Ifiwl 
ii^hm-mf^m^  0.mh ^^smmuii^mte  miUi  ibe  proper  ipom* 
4iK?U;  tte  ^«MauM)lii  fif^i^f  tmi^  m  in  otlif-r  Chtlop^jda,  at  tH  ier- 
fttiual  M^^iuaiH.     fmmm^  cyM«i«  «f  a  amall  fleslij  coroeoos  pesb 


» 
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With  regard  to  the  funiale  organs  of  the  Myriapoda.  In  the  lulus 
terrestris  the  ovarium  is  a  simple  elongated  sac,  with  the  exterior 
surface  nodulated  by  sacculi ;  the  larger  ones,  of  uniform  size,  being 
arranged  in  a  double  series.  The  ova  are  developed  and  completed 
in  these  sacculi,  one  in  each  ;  the  germinal  vesicle  here  is  surrounded 
by  the  yolk  and  vitelline  membrane ;  upon  this  is  laid  the  thin  layer 
of  albumen  and  the  corion  before  it  passes  into  the  common  oviduct. 
The  ova  in  the  earlier  phase  of  development  form  small  projections 
at  the  interspaces  of  the  larger  and  more  regularly-sized  ovisacs  con- 
taining the  more  mature  ova.  The  common  elongated  sac  extends 
from  the  anal  segment  forward  to  near  the  fourth  segment^  where  it 
divides,  and  the  two  vulvs  are  situated  on  two  scale-like  bodies  on 
the  under  surface  of  that  apodal  segment,  behind  the  second  pair  of 
li'gs.  A  short  reservoir  for  the  male  semen  (spermatheca)  commu- 
nicates with  each  oviduct.  The  ovarian  tube  is  situated  beneath  the 
alimentary  canal ;  not  ablove  it,  as  in  the  Crustacea.  If  the  male 
apertures  on  the  seventh  segment  indicate,  by  the  analogy  of  the 
Crustacea,  the  hinder  boundaries  of  the  thorax,  we  see  that  the  more 
advanced  position  of  the  female  apertures  keeps  up  that  analogy. 
Another  interesting  analogy  presents  itself  in  the  double  aperture  of 
the  generative  outlets  and  the  double  intromittent  or  clasping  organs 
in  the  male  lulida.  1  allude  to  the  serpent  tribe,  which  these  Articu- 
liita  resemble  in  their  length,  slenderness,  and  tortuous  movements ; 
for  the  serpents  alone,  amongst  Yertebrata,  present  the  double  termi- 
nation of  the  generative  ducts  and  the  double  unciform  claspers. 

In  the  Lithohias  forficaius  the  ovarium,  a  single  elongated  blind 
sac,  extends  from  the  anal  segment  to  near  the  middle  of  the  body, 
and  is  supported  by  the  tracheal  capillaries.  It  is  beset  by  numerous 
subpedunculate  unilocular  bursas,  each  containing  a  white  globular 
ovum.  These  give  a  granular  aspect  to  the  exterior  of  the  ovarian 
tube  ;  which  tube  L^on  Dufour  suspects  to  be  naturally  divided  by 
a  median  longitudinal  septum.*  On  each  side  of  the  termination  of 
the  ovarian  tube  is  a  racemose  colleterium,  consisting  each  of  two 
rows  of  granular  utricules :  a  common  duct  and  reservoir  communi- 
cates with  the  oviduct. 

The  generative  function  offers  so  many  distinctive  peculiarities  in 
the  present  aberrant  subclass,  that  I  shall  conclude  my  account  of  it 
before  entering  upon  the  same  subject  in  the  typical  hexapod  insects. 

Some  important  facts  were  early  recorded  relative  to  the  meta- 
morphoses of  the  lulidas  by  Degeerf  and  Savi  J,  and  their  generation 
has  been  very  ably  and  minutely  worked  out  by  Newport.  § 

♦  CCLUl.  t  CCLIV.  t  t'LV  §  CCLII. 
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LECTURE  XVUI. 


The  itilus  ierreMris  bibernates  from  October  to  Marcli  j  the  fcmttle 
ia  probably  ^impregn a te4  prior  to  hybernation,  for  her  first  act  afier 
awakening  from  the  long  winter  sleep  is  to  prepnre  to  disembarruss 
herself  of  the  load  of  impregnated  ova :  the  act  of  oviposition  U 
generally  over  by  the  month  of  May,  Sh«  previously  excavates  a 
epecial  nidamentxil  cavity  in  the  soil,  and  is  careful  to  place  the  eggs 
where  no  access  of  light,  and  only  a  certain  degree  of  moisture,  can 
affect  them.  In  this  process  she  bores  the  soil  about  an  inch  in  depth, 
just  wide  enough  to  admit  her  own  body,  and  then  excavates  a  circu- 
lar cavity  by  removing  the  soil,  pellet  by  pellet,  the  earth  being  made 
up  into  a  little  pill  by  mixture  with  her  saliva;  she  withdraws  lierself 
backwards  from  her  hole,  bringing  up  the  pellet,  which  is  held  between 
her  bent-down  head  and  the  Brst  pair  of  legs:  it  is  then  passed  back- 
wards to  the  second  pair,  which  transfer*  it  to  the  next  in  succession, 
and  so  onwards,  until  it  is  removed  quite  out  of  the  way.  When,  by 
the  repetition  of  this  manceuvre^  the  egg-chamber  is  completed,  ovi- 
position  takes  place,  and  the  entry  to  the  chamber  is  c^^refully  closed 
by  earth  thoroughly  moistened,  so  as  to  form  a  thick  paste^  which  she 
gently  presses  into  the  entrance,  and  fills  up  nearly  to  a  level  with 
the  surface  of  the  soil;  thus  protecting  the  eggs  from  enemies  that 
would  devour  them,  or  from  the  atmosphere  and  light  which  miglit 
decompose  them.  In  this  operation  we  may  perceive  that  the  large 
salivary  glands  have  a  function  analogous  to  that  of  the  silk  glands  of 
the  Bomhyx  morL 

In  the  fresh-laid  egg  the  chorion  is  transparent^  but  it  becomes 
Opaque,  soon  dries  and  shrivels  when  exposed  to  the  air»  The  first 
period  of  development  occupies  about  twenty-five  days,  when  the 
chorion  is  ruptured,  the  ^gg  previously  augmenting  in  size  and 
becoming  reniforra.  The  embryo  may  be  recognised  about  the 
twelfth  day,  but  presents  no  trace  of  segments  or  limbs;  it  is  bent 
upon  Itself.  On  the  thirteenth  or  fourt-eenth  day  there  ia  an  iudica* 
tion  of  segments  on  ihc  ventral  aspect.  On  the  eighteenth  day  the 
shell  bursts  along  the  dorsal  surface,  and  on  tlie  twenty-lifih  day  the 
embryo  protrudes,  by  the  elastic  quality  of  its  body  overcoming  the 
compression  to  which  its  growth  has  Bubjected  it ;  but  the  embryo  18 
passive  and  motionless,  and  h  still  connected  by  a  r  flection  of  an 
amniotic  covering  upon  the  inner  surface  of  the  membrnna  vitelii» 
w*hich  connection  Newport  calls  the  "  umbilicus,"  There  is  now  a 
head  and  seven  segments,  and  the  antennas  may  be  seen  budding  from 
the  sides  of  the  he«d»  The  internal  structure  of  the  embryo  is 
wholly  cellular,  with  a  cavity  resulting  from  the  coalescence  and 
liquefaction  of  certain  central  cells.  On  the  third  day  after  exclusion 
the  embryo  (Jiff.  154.)  is  passive,  mot ionless^  and  still  attached  to  the 
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shell  (/)  bj  the  funis-Iike  duplicaturo  {d)  of  the  amniotic  covering 
(c),  and  it  is  protected  by  the  two  halves  of  the 
egg-shell,  suggestive  of  an  analogy  to  the  ento- 
mostracous  Cypris.  The  head,  antennae,  and  seg- 
ments of  the  body  are  better  marked  ;  transverse 
depressions  appear  on  the  dorsal  surface  of  the 
segments,  the  beginning  of  their  division  into  the 
double  ones  of  the  mature  insect :  but  the  embryo 
is  still  apodal,  though  rudiments^  or  buds  of  tho- 
racic limbs,  now  begin  to  be  discernible.  Some  of 
the  peripheral  cells  become  pushed  into  these 
buds  of  limbs,  making  them  obtuse  prior  to  elongation.  On  the 
ninth  day  the  funis  is  ruptured,  and  the  alimentary  canal  com- 
pleted ;  but  other  internal  parts  consist  of  cells  of  different  sizes. 
On  the  tenth  day  the  dorsal  vessel  betrays  itself  by  its  pulsations ; 
it  drives  the  colourless  blood  to  the  head,  which  now  becomes 
corneous ;  the  antennsB  become  clubbed,  and  now  a  simple  ocellus 
may  be  distinctly  seen  on  each  side.  On  the  seventeenth  day  the 
embryo  leaves  the  debris  of  its  shell :  it  presents  definite  segments, 
articulated  antennae,  and  three  pairs  of  jointed  legs ;  it  is,  in  short,  a 
hexapod  larva.  But  at  the  next  stage  of  progress  it  quits  the  high 
road  of  insect  development  to  enter  a  by-path  of  its  own  :  new  seg- 
ments are  formed  from  the  penultimate  or  germinal  segment ;  a  rem- 
nant of  the  funis  is  converted  into  a  rudimental  anal  spine;  the 
amniotic  covering  and  the  rest  of  the  funis  are  moulted. 

The  first  spontaneous  movements  of  the  embryo  are  to  burst  and 
slip  off  the  amnion  with  the  first  integument ;  after  which  exertion 
the  larva  reposes,  with  slight  occasional  movements  of  the  antennae. 
We  may  now  distinguish  {Jig.  155.)  eight  primary  segments  (1 — 8) 
besides  the  anal  one  (9).  Six  new  segments 
have  also  been  formed  at  the  germinal  space 
(7/),  but  these  are  short,  and  collectively  are 
only  equal  to  one  of  the  original  segments.  The 
new  segments  are  not  formed  by  a  division  of 
the  old,  but  by  gemmation  from  the  penulti- 
mate segment  at  the  germinal  space.  Tlie 
primary  three  pairs  of  legs  (b  a),  are  developed 
from  the  second,  third,  and  fifth  primary  seg- 
ments. New  pairs  of  limbs  bud  out  from  the 
sixth  and  seventh  segments.  The  female  aper- 
tures are  perforated  in  the  fourth  segment ;  the  male  outh:t  is  estab- 
lished at  the  seventh  segment,  at  a  period  when  this  is  near  the 
posterior  end  of  the  body  of  the  larva.     It  is  then  marked  by  a  patch 


i;ecTCi¥K  xruiL 


uf  4  lUfii^r  tint  tliJiii  iM  r«ii  of  thm  bodf  (^^  **^  rtC^t»  ihk  «ktt- 
fAfiliif^  t%hf'Tli  U  of  Hie  In  4«i^nibung  tise  mom  Bonieroafl  and  rmpidlj 
frrodUAtd  l^littilli  hMnA  it* 

*tlm  mMmim  Mm  twfin  I0  raore,  Chca  fhe  1egfl»  find  tbe  fif»t 
Iriilliftil  it{  lti«  loeonMHif  0  krrii  ii  to  abaii  ihe  ligbL  In  ttiis  }hxh 
j|rf>»iliiil  Utf!  aiml  legmi^nl  i^xpiuidj^  snd  mttadnes  ilteff  to  the  firm 
ftiirrbnnt  ihmn  tbn  liii^l/  tji  ctirrif^i  forwarJj,  the  motion  being  pro- 
|i»i|i«f»^<I  from  m^gmifil  ti>  Msgment  On  th«  twanljr-stxth  daj  the 
yi)iin|(  iiiUt*  vnnt§  oft  Uie  eorcHng  in  which  it  had  hitlierto  been 
niirVddnrJ  Mrid  ftiileri  iU^  ffturik  perkwl  of  devdupment;  harbg  now 
upv^tft  f  ml  TJI  of  Ieg«  ati<l  fifif^fn  ci^^Tiieiila  to  iti  bodj  (^1^,  156.).  The 
«iUf*tinm  nru  cWignted  aiid   extiibit  Btx  1 06 

JdntAi  tb«  <^3re  U  11  aingle  oeellus,  but 
l«  furrdim^kd  by  pigment  prcpumiory 
to  tuhdiviphin ;  th^s  new  U*gji  (i&,  r)  are 
im  tiifi)(  Hi  iha  old  one^^  but  not  90  strong: ; 
thii  trannverAO  nmrkingt  of  tl»e  primarj 
unjfinenti  iu*e  more  cliAtmctj  the  patch 
on  the  ftovonili  (p)  is  darker*  The  firtt 
r»f  iho  now  »fgmcnt8  (8)  is  almost  ecjunl 
to  ihu  tcventh  pnmnrj  one  4  the  [K^nul- 
iimnte  (14)  atnl  una!  (I5)prim/iry  jsseg- 
mtmti  hflYo  not  much  enlarged.  In  the 
progrc^ss  of  fjrowHi  now  Begments  are 
ftiirrrfirtivt*Iy  ridilcd  at  <lic  germirmi  spnm  ' 

(ir),  biilM(?  always  produced  beneath  the  common  integument,  wliich 
is  aAcfwnrds  moulted.  These  segments  are  added  in  a  certain 
numtTicnl  rntkn  six  At  a  tif«^,  between  the  antepenultimate  and  the 
pt^nultimftte  m^^anenl^.  Afuvements  of  the  larva  are  nlwajs  obserred 
Xix  bff  ft^ttcred  hy  the  approach  of  the  eedysis.  All  the  limbs  euper- 
addttd  to  tJ»o  primary  three  pairs  are  bifid;  and  tiie^a  double  legfl 
ftro  Iwnioliigaiis  with  the  prolegs  of  caterpillars.  The  further  course 
t»f  irr&wth  is  sttcndcd  with  a  more  distinct  definition  of  the  segments^ 
Kfid  by  transverse  indents  of  the  primary  segments.  The  limbs  aliso 
hecem  msin^  flrafgUteaed.  TJje  whole  period  of  development  oc- 
,  (bar  or  Jive  week&,  and  rhen  development  h  superseded  by  the 
,  iict  of  growth. 

With  ftgMd  to  the  Centipedes,  we  still  need  a  series  of  re^arcUes 
Hn  iwik^oi  pmf*erly  Acquainted  with  their  development.  In  the  month 
x4Ut^*  ****  '**""  of  Liihobius  —  a  modified  centipede,  consisting  of 

3^f«olC«n«rgt»ent.s  and  having  fifteen  pairs  of  extremities present* 

|>ut  tcji/^^ivti*  and  se%-en  pnini  oflpg^  with  two  simple  ocelli  on  ca**h 
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Slide  of  the  head.  Early  in  June,  it  has  acquired  twelve  segments, 
and  eight  pairs  of  legs,  and  the  head  presents  three  ocelli  on  each 
side.  Later,  in  the  same  month,  the  segments  have  increased  to 
fifteen,  and  the  legs  to  fifteen  pairs,  and  the  number  of  ocelli  is  eight; 
finally,  two  more  segments  are  added,  and  the  cluster  of  ocelli 
includes  twenty  on  each  side.  The  chief  distinction  between  the 
Lithobius  and  lulus  appears  to  be,  that  the  successive  joints  are  not 
developed,  as  in  the  lulidtB^  at  the  posterior  part  of  the  body,  from 
one  particular  germinal  space,  but  at  the  interspaces  of  the  pre« 
existing  segments. 

With  regard  to  the  affinities  of  the  Myriapoda  as  they  are  il- 
lustrated by  the  known  phenomena  of  their  development,  we  discover 
in  the  peculiarly  localised  power  of  superadding  the  additional  joints 
in  the  Inlidte,  a  marked  analogy  to  the  anellids;  yet  the  appendages 
of  the  segments  being  distinctly  jointed  limbs,  we  have  in  these  a 
well-marked  character  of  the  superiority  of  the  Chilognatha.  Then, 
in  reference  to  the  Crustacea,  which  the  Myriapoda  more  resemble 
in  their  jointed  antennas  and  limbs,  we  perceive  also  an  interesting 
additional  resemblance  in  the  Chilognatha,  in  the  circumstance  of  the 
organs  of  the  generative  apparatus  not  terminating  in  the  homolo- 
gous segments  in  the  male  and  in  the  female ;  whilst  in  both  they 
are  situated  nearer  the  anterior  part  of  the  body.  But  this  crus- 
taceous  character  disappears  in  the  Chilopoda.  And  when  we  per- 
ceive that  the  first  form  of  the  articulated  animal  with  jointed  limb.s, 
which  the  Myriapoda  assume,  is  that  of  the  hexapod  insect,  and 
further,  that  in  departing  from  this  type,  the  pair  of  limbs  succes- 
sively added  in  the  lulus  are,  like  the  temporary  ones  in  caterpillars, 
of  a  different  character  from  the  primary  six, — we  cannot  but  derive 
from  these  facts  a  well-founded  confidence  in  the  importance  of  that 
character  of  the  respiratory  system  which  associates  the  Myriapoda 
with  the  Insccta  rather  than  the  Crustacea. 

I  proceed  now  to  demonstrate  the  structure  and  modifications  of 
the  organs  or  instruments  subservient  to  the  formation,  retention, 
nourii^hment,  defence,  and  transmission  of  the  sperm-cells  and  germ- 
cells,  and  their  products  or  developments,  in  the  true  or  hexapod 
Insects. 

In  entering  upon  a  review  of  the  structure  of  the  male  organs  of 
insects  generally,  we  found  their  simplest  type  in  the  lowest  or- 
ganised members  of  the  class,  viz.,  the  chilognathic  myriapods. 
The  testes  and  their  ducts,  with  short  and  simple  intromittent 
organs,  alone  existed  ;  there  were  no  accessory  glands,  no  me- 
chanical adjuncts  in  relation  to  the  coitus.     The  sexual  apertures, 
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into  a  sperm-reservoir.  The  accessory  prostatic  glands  are  bent 
upon  themselves,  like  a  common  magnet ;  one  end  of  each  opens  into 
the  ductus  ejaculatorius. 

In  the  order  Diptera  the  testes  always  present  themselves  as  two 
simple  glands,  either  pyriform,  oval,  or  elongated  and  twisted,  the 
outer  capsule  of  which  is  of  a  brown  or  yellow  colour ;  in  the 
Asilus,  when  this  outer  coat  is  removed,  the  surface  of  the  testis  is 
nodulated  by  the  prominent  ends  of  the  component  c»ca;  two 
slender  sperm-ducts  terminate  in  a  small  sperm  receptacle,  which 
also  receives  two  long  filamentary  prostatic  glands ;  a  long  ductus 
communis  is  then  continued  to  the  base  of  a  trifid  penis.* 

In  many  of  the  Lepidoptera  the  testis  is  clothed  with  bright  pig- 
ment, crimson  in  the  common  white  butterfly  (Pontia  brassica\ 
and  green  in  the  Sphini^.  In  most  of  the  species  the  two  glands 
approximate,  and  become  confluent  in  the  progress  of  the  meta- 
morphosis ;f  but  in  certain  moths,  as,  e.  g.y  the  Tineas  the  originally 
distinct  condition  of  the  testes  is  retained  in  the  imago  state ;  the 
testes  also  remain  distinct  in  the  Vponomeuta,  X  In  most  Lepidoptera 
the  vasa  deferentia,  or  sperm-ducts,  after  a  short  course,  receive  two 
capillary  prostates,  and  then  a  long  and  convoluted  ductus  ejacula* 
tori  us.  What  is  remarkable  in  some  butterflies  (Pontia^  e.  g.\  is  not 
only  the  great  length  of  the  prostatic  gland,  but  also  the  extreme 
length  and  winding  convolutions  of  the  common  terminal  duct. 
The  structure  of  the  intromittent  organ  in  the  Lepidoptera  is  such 
as  to  preclude  the  repetition  of  the  act,  and  they  consequently  live  in 
a  state  of  compulsory  monogamy.  The  bifid  hooks  on  the  terminal 
segment  of  the  dorsal  valve  of  the  penis,  whilst  they  serve  to  retain 
the  female,  prevent  the  entire  extraction  of  the  virile  organ. 

With  respect  to  the  order  HymenopterOy  Hunter  has  left  some 
good  dissections  of  the  male  organs  in  the  bee.§  The  testes 
are  of  a  simple  oblong  form ;  but,  when  we  dissect  away  the  cap* 
sule  or  "tunica  albuginea,"  we  expose  many  long  caecal  tubes, 
which,  as  tliey  uncoil  and  float  in  the  liquid,  give  a  bushy  cha« 
racter  to  the  gland.  The  sperm-duct  rises  from  near  the  middle 
of  each  testis,  and  soon  swells  into  a  large  cellular  reservoir  common 
to  it,  with  the  openings  of  two  pyriform  prostatic  glands,  whence  a 
common  ductus  ejaculatorius  is  continued  to  the  base  of  the  intro- 
mittent organ.  Newport  has  given  a  good  description  and  figures  of 
the  male  organs  in  a  wild  bee  {Athalia  centifoHa^Jig,  167.),  in  which 

♦  CCI.Vm  p.  250.    CCLVIIL  p.  9.  taf.  1—3. 
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ducts  rre  short,  and  receive  the  secretion  of  two  long  prostatic  fol* 
licles. 

In  the  order  Orthoptera^  we  find  the  locusts  with  testes  composed 
of  numerous  blind  tubes,  in  most  species  enclosed  in  a  common 
capsule  ;  and  in  some,  e.  g,  the  cockroaches  {Blatta\  the  testicular 
follicles  are  collected  into  a  common  mass  in  the  middle  of  the 
abdomen.  The  prostatic  glands  also  consist  of  fasciculi  of  tubes,  and 
remind  us  of  the  condition  of  the  prostate  in  some  rodentia.  Their 
secretion  is  moulded  into  spermatophora. 

The  order  Coleoptera  offers  the  greatest  diversity  in  the  form 
and  structure  of  the  male  organs.  In  Dytiscus  each  testis  is  a 
filiform  tubo,  much  longer  than  the  abdomen,  but  convoluted  into 
a  round  ball.  In  Jlydrophiltu  the  gland  is  represented  bj  a  series 
of  short  blind  processes  given  off  from  one  side  of  a  common 
sperm-duct.  In  Buprestis  a  fasciculus  of  longer  caecal  tubes  radiate 
from  the  end  of  the  sperm -duct.  Sometimes  the  extremities  of 
similar  radiating  tubes  are  dilated  into  sacculated  flattened  glands,  as 
in  the  rose-beetle  (Cetonia\  and  numerous  more  composite  forms  have 
been  detected ;  all,  however,  are  referrible  to  modifications  of  the 
primitive  blind  secerning  sac.  Their  analogy  to  the  sexual  parts  of 
plants  has  already  been  alluded  to,  and  entomologists  have  found  it 
requisite  or  advantageous  to  borrow  the  neat  and  descriptive  terms, 
with  which  Linnaeus  has  enriched  botanical  science,  in  order  to  in* 
dicate  the  diversified  forms  of  the  male  apparatus  in  the  subjects  of 
their  favourite  class.  The  intromittent  organ  is  a  long  horny  tube  ; 
usually  retracted  within  the  abdomen,  but  not  capable  of  retraction 
after  complete  intromission,  which  usually  terminates  by  rupture  of 
the  organ.  Hence  the  Coleoptera^  like  the  Lepidoptera,  are  mono* 
gamous.  The  terminal  portion  of  the  (-jaculatory  duct  is  continued 
into  the  penis,  and,  in  Carabus  clathratusy  opens  upon  the  centre 
of  a  soft  glandiform  termination  of  the  intromittent  organ. 

Much  unity  of  plan  may  be  traced  throughout  the  varied  modifl-i 
cations  of  this  organ  in  insects.  In  general  terms,  the  intromittent 
organ  may  be  defined  as  a  modification  of  the  last,  or  two  last,  seg- 
ments of  the  abdomen.  It  consists  of  a  large  exterior  sheath  and  a 
delicate  membranous  tube ;  the  sheath  commonly  consists  of  two 
lateral  valves.  It  is  usually  retracted  out  of  sight.  Accessory  pre- 
hensile organs  are  developed  in  some  insects,  of  which  the  most  re- 
markable are  those  which  are  attached  to  the  base  of  the  abdomen 
in  the  male  Libcllula.  In  this  remarkable  insect,  the  sperm-ducts 
terminate,  as  usual,  on  the  anal  segment  ^  but  the  vesicula  seminalis 
is  situated  at  the  base  of  the  abdomen.  The  semen  is  transferred 
thither  by  a  strong  inflection  of  the  caudal  end  of  the  abdomen,  prior 
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broken  away  in  coitu,  and  the  male  aphis  may,  therefore,  enjoy  a 
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The  tree-bugs  {Pentatomida)  have  two  simple  pyriform  testes, 
often  of  a  beautiful  red  colour  :  the  ground-bugs  (Geocorisa)  have 
seven  long  testicular  tubes  united  in  a  fan-like  manner.  The  testes 
are  numerous,  and  similarly  fasciculate,  in  the  Cicadid<p.  Kotonecta 
has  two  pairs  of  long  spiral  tubular  testes :  Nepa  and  Ranatra  have 
Ave  flexuous  testes  on  each  side.  The  prostatic  glands  arc  largely 
developed  in  most  Hemiptera. 

Amongst  the  Neuroptera  the  testes  of  the  May-flies  {EphemeridcB) 
and  Dragon -flies  (Libelfulida)  consist  of  a  multitude  of  round  fol- 
licles, disposed  botryoidally  around  a  long  dilated  portion  of  each  of 
the  sperm-ducts :  the  prostates  are  absent  In  Panorpa  tbe  testes 
are  simple  and  ovoid :  in  the  Ant-lion  {Myrmeleo)  they  consist 
of  tufts   of  round  follicles  surrounded  by  a   capsule;  the   sperm- 
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ducts  rre  short,  and  receive  the  secretion  of  two  long  proBtatic  fol- 
licles. 

In  the  order  Orthopteray  we  find  the  locusts  with  testes  composed 
of  numerous  blind  tubes,  in  most  species  enclosed  in  a  common 
capsule  ;  and  in  some,  e.  g.  the  cockroaches  {BlaUa\  the  testicular 
follicles  are  collected  into  a  common  mass  in  the  middle  of  the 
abdomen.  The  prostatic  glands  also  consist  of  fasciculi  of  tubes,  and 
remind  us  of  the  condition  of  the  prostate  in  some  rodentia.  Their 
secretion  is  moulded  into  spermatophora. 

The  order  Coleoptera  offers  the  greatest  diversity  in  the  form 
and  structure  of  the  male  organs.  In  DytUcus  each  testis  is  a 
filiform  tube,  much  longer  than  the  abdomen,  but  convoluted  into 
a  round  ball.  In  Hydrophiltis  the  gland  is  represented  bj  a  series 
of  short  blind  processes  given  off  from  one  side  of  a  common 
sperm-duct.  In  Buprestis  a  fasciculus  of  longer  csBcal  tubes  radiate 
from  the  end  of  the  sperm-duct.  Sometimes  the  extremities  of 
similar  radiating  tubes  are  dilated  into  sacculated  flattened  glands,  as 
in  the  rose-beetle  (Cetonia)^  and  numerous  more  composite  forms  have 
been  detected ;  all,  however,  are  referrible  to  modifications  of  the 
primitive  blind  secerning  sac.  Their  analogy  to  the  sexual  parts  of 
plants  has  already  been  alluded  to,  and  entomologists  have  found  it 
requisite  or  advantageous  to  borrow  the  neat  and  descriptive  terms. 
with  which  Linnaeus  has  enriched  botanical  science,  in  order  to  in- 
dicate the  diversified  forms  of  the  male  apparatus  in  the  subjects  of 
their  favourite  class.  The  intromittent  organ  is  a  long  homy  tube  ; 
usually  retracted  within  the  abdomen,  but  not  capable  of  retraction 
after  complete  intromission,  which  usually  terminates  by  rupture  of 
the  organ.  Hence  the  Coleoptera,  like  the  Lepidoptera^  are  mono* 
gamous.  The  terminal  portion  of  the  e jaculatory  duct  is  continued 
into  the  penis,  and,  in  Carabus  ciathrattiSy  opens  upon  the  centre 
of  a  soft  glandiform  termination  of  the  intromittent  organ. 

Much  unity  of  plan  may  be  traced  throughout  the  varied  modifi- 
cations of  this  organ  in  insects.  In  general  terms,  the  intromittent 
organ  may  be  defined  as  a  modification  of  the  last,  or  two  last,  seg- 
ments of  the  abdomen.  It  consists  of  a  large  exterior  sheath  and  a 
delicate  membranous  tube ;  the  sheath  commonly  consists  of  two 
lateral  valves.  It  is  usually  retracted  out  of  sight.  Accessory  pre- 
hensile organs  are  developed  in  some  insects,  of  which  the  most  re- 
markable are  those  which  are  attached  to  the  base  of  the  abdomen 
in  the  male  Libellula.  In  this  remarkable  insect,  the  sperm-ducts 
terminate,  as  usual,  on  the  anal  segment ;  but  the  vesicnla  seminalis 
is  situated  at  the  base  of  the  abdomen.  The  semen  is  transferred 
thither  by  a  strong  inflection  of  the  caudal  end  of  the  abdomen,  prior 
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to  the  coitud,  anil  passes  from  the  sperm  reservoir  into  the  vulva  of  1 
the  female,  which  h  retained  in  contact  with  tie  hase  of  the  niale'a  [ 
abdomen  bj  the  claspers  attached  to  that  part. 

The  spermatozoa  in  all  hexapod  insects  are  filiform,  and  often  re- 
markable for  their  extreme  length  ;  the  anterior  extremity  is  uauall/ 
thickened  for  a  considernble  extent, 

Tlie  sperm-ceHs  usually  contain  many  *'  spermatoa/*  or  vesicles  of 
development}  these  spermatoa  are  at  first  transparent,  then  granular, 
and  lastly,  the  spermatozoon  is  developed,  ont;  in  each.     This  makes 
the  spermatoon  change  its  form  :    it   is  stretched  by  the  uncoiling 
of  the   spermatozoon^   bursts   and  ullows   it   to  escape.      Thus   let 
free  in  the  common  sperm-cell,  the  spermatozoa  group  themselves 
into   regular   bundles.      Sometimes    these    fasciculi    resolve    lhem«  I 
selves*  and  the  spermatozoa  di^^perse  as  soon  as  the  sperm-cell  gives  ' 
way ;    but   usually  a   part  of  the  sperm-celi    remains    as   a  partial  \ 
sheath  to  the  bundle,  and  when  the  spermatozoa  remain  in  this  way 
closely  packed  together,  the  whole  bundle  might  be  taken  for  a  gigan» 
tic  spermatozoon.     The  bundle  is  very  long,  and  appears  convoluted 
in  a  knot  in  Stapkylinusy  but  is  resolvable  into  its  constituent  sper»  i 
matozoa,  which  become  separated  as  they  advance  along  the  sperm- 
duct*     But  here  fi*equently,  by  the  addition  of  the  prostatic  secre-  | 
tion,  they  are   again  collected    into    fresh   bundles,  and  packed   up 
into    **spermatophora.**        These  secondary  aggregates   present   on 
elegant  arrangement  in  the  Locustince^  being  delicately  barbed  likg 
a  feather,  and   the  spermatophora,   with  their  fertilising   contents, 
are  finally  conveyed  in  coitu  to  the  proper  '*  ve^icula  seminaHs,"  or 
*'iipermatheca,"  whicb,  as  in  most  other  hexapod  insects^  belongs  to 
the  female. 

As  a  general  rule,  the  life  of  an  insect  soon  ends  after  the  great 
act  of  impregnation  has  been  fulfilled.  The  change  of  form  prior  to 
the  acquisition  of  the  procreating  power  is  usually  extreme,  and 
rapidly  undergone  i  the  ordinary  every-day  life  of  the  insect,  spent  in 
acquiring  and  consuming  its  daily  food,  forms  a  far  larger  proportion 
of  its  existence,  and  is  pnssed  under  a  very  ditferent  and  a  very  in- 
ferior form  ;  wliich,  if  in  comparison  to  the  last  stage,  we  should 
regard  as  the  more  typical  form  of  the  animal,  we  shall  not  probably 
err.  The  cockchaffer  passes  tliree  years  as  a  subterranean  worm, 
but  lives  hardly  as  many  weeks  in  its  winged  state.  An  ordinary 
observer  sees  and  knows  the  May-fly  only  in  that  last  joyous  stage  of 
ita  existence,  and  deems  its  life  concentrated  in  one  winged  nuptial 
holiday;  but  this  so-called  £p^<fwi era  has  pi-eviously  passed  three 
hundred  and  more  working  days  as  an  aquatic  larva. 

In  no  class  of  animals  are  the  parts  of  generation  so  complex  as  in 
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insects.  The  internal  female  sexual  organs  consist  of  the  ovaries,  the 
oviducts,  the  uterus,  the  spermatheca,  the  bursa  copulatrix,  the  mucous 
glands  or  coUeteria,  the  scent-glands,  and  the  vagina ;  but  these  are 
not  all  present  in  all  insects.  The  external  organs  are  the  vulva, 
the  sting,  the  holders,  and  ovipositor ;  some  of  which  are  likewise 
peculiar  to  particular  species. 

The  most  constant  and  essential  parts  of  generation  of  the  fe- 
male insect,  viz.,  the  ovaria,  are  subject  to  almost  as  many  varieties 
as  the  testes  in  the  male ;  their  forms  maj  be  arranged  into  almost  as 
many  genera  and  species,  which  are  very  often  analogous  to  those  of 
the  essential  glands  in  the  opposite  sex.  The  ovaria  in  the  Lepido- 
ptera  do  not,  however,  coalesce  into  a  single  mass,  like  the  testes  in 
the  male ;  they  are  either  digitate  or  verticillate ;  that  is  to  say,  they 
consist  either  of  a  few  egg-tubes  suspended  to  the  end  of  the  oviduct, 
becoming  attenuated  as  they  recede  from  it ;  or  they  consist  of  nu« 
merous  very  long  egg-tubes,  proceeding  from  a  very  short  oviduct, 
and  terminating  in  filiform  extremities,  when  they  are  usually  disposed 
in  spiral  coils  bending  at  the  two  sides  in  opposite  directions,  as  in  the 
Noctua  Brasnets  ijig.  154,  a,  a).  In  the  forest-fly  each  ovarium 
consists  of  two  egg-tubes ;  in  the  flesh-fly  it  consists  of  a  single  tube, 
which  is  of  great  length,  and  twisted  spirally.  In  the  mantis  a  single 
series  of  short  egg-tubes  are  attached  to  one  side  of  a  common  duct 
In  the  gnats,  crickets,  and  locusts,  the  numerous  egg-tubes,  which  are 
somewhat  compressed,  lie  upon  one  another  like  scales,  or  the  tiles 
upon  a  roof.  In  the  Ephemera  and  Stratiomys  the  ovaries  have  the 
primitive  form  of  simple  elongated  bags,  in  which  the  eggs  are 
contained  linked  together  by  delicate  filaments.  In  almost  all  cases 
the  c»cal  terminations  of  the  ovaries  are  attached  by  a  delicate  thread 
to  tlie  thorax  :  the  tubes  themselves  being  connected  together  by  a 
complex  tracheal  network. 

Swammerdom*  has  given  on  accurate  description,  with  excellent 
figures  of  the  female  organs  of  the  louse,  the  discovery  of  which 
helped  him  to  an  excellent  argument,  requisite  in  his  day,  against  the 
spontaneous  generation  of  that  parasite  from  the  filth  of  the  abject 
members  of  our  species  which  it  commonly  infests.  Five  egg-tubes 
converge  and  coalesce  into  a  single  short  oviduct  on  each  side ;  the 
two  unite  into  a  common  tube,  with  which  a  pair  of  branched  or 
varicose  accessory  follicles  communicate.  The  vulva  is  surrounded 
by  four  mammillary  eminenoes :  the  spermatheca  and  bursa  copulatrix 
are  wanting. 

•  CCXXXra.  p.  37,  pL  2. 
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The  luius  terrcMrh  hibernates  from  October  to  March  ;  the  ft-'rmii 
is  probably  ^impregnated  prior  to  hybernntion,  for  her  first  act  afid 
awakening  from  the  long  winter  sleep  is  to  prepare  to  disembarrn^s 
herself  of  the  load  of  impregnated  ova:  the  act  of  oviposition  is 
generally  over  by  the  month  of  May.  She  previously  cxcavatea  a 
fipecial  nidamental  cavity  in  tlie  soil,  and  is  careful  to  place  the  eggs 
where  no  access  of  light,  and  only  a  certain  degree  of  moisture,  can 
affect  thejn.  In  this  process  she  bores  the  soil  about  an  inch  in  depth » 
just  wide  enough  to  adroit  her  own  body,  and  then  excavates  a  circu- 
lar cavity  by  removing  the  soil,  pellet  by  pellet,  the  earth  being  mode 
up  into  a  little  pill  by  mixture  with  her  saliva  ;  she  withdraws  herst^lf 
backwards  from  her  hole,  bringing  up  the  pellet,  which  is  held  between 
h^^r  bent-down  head  and  the  first  pair  of  legs;  it  is  tJien  passed  back- 
wards to  the  second  pair,  which  transfers  it  to  the  next  in  succcssioi| 
and  so  onwards,  until  it  is  removed  quite  out  of  the  way.  When, 
the  repetition  of  this  manoeuvre,  the  egg-chamber  is  completed,  ovi- 
position takes  place,  and  the  entry  to  the  chamber  is  carefully  closed 
by  earth  thoroughly  moistened,  so  as  to  form  a  thick  paste,  which  she 
gently  presses  into  the  entrance,  and  fills  up  nearly  to  a  level  with 
the  surface  of  the  soil;  thus  protecting  the  eggs  from  enemies  tha 
would  devour  them,  or  from  the  atmosphere  and  light  which  migl( 
decompose  them*  In  this  operation  we  may  perceive  that  the  larj 
salivary  glands  have  a  function  analogous  to  that  of  the  silk  glands  < 
the  Bomhyx  mori 

In  the  fresh-laid  e^g  the  chorion  is  transparent,  but  it  become 
opaque,  soon  dries  and  shrivels  when  exposed  to  the  air.  The  first 
period  of  development  occupies  about  tsventy-five  days,  when  the 
chorion  is  ruptured,  (he  egg  previously  augmenting  in  size  and 
becoming  reniform.  The  embryo  may  be  recognised  about  the 
twelfth  day,  but  presents  no  trace  of  segments  or  limbs;  it  is  bent 
upon  itself.  On  the  thirteenth  or  fourteenth  day  there  is  an  indica* 
tion  of  segments  on  the  ventral  aspect.  On  the  eighteenth  day  the 
shell  bursts  along  the  dorsal  surface,  and  on  the  twenty-Hfth  day  tlie 
€mbryo  protrudes,  by  the  elastic  quality  of  its  body  overcoming  the 
compression  to  %vhich  its  growth  has  subjected  it ;  hut  the  embryo  is 
passive  and  motionless*  and  is  still  connected  by  a  r  flection  of  an 
amniotic  covering  upon  the  inner  surface  of  the  membrana  viteJli, 
which  connection  Newport  calls  the  "  umbilicus.'*  There  is  now  a 
head  and  seven  segments,  and  the  antennre  may  be  seen  budding  from 
the  sides  of  the  head.  Tlie  internal  structure  of  the  embryo  la 
wholly  cellular,  with  a  cavity  resulting  from  the  coalescence  and 
liquefaction  of  certain  central  cells.  On  the  third  day  after  exclusion 
the  embryo  (^.  154.)  is  p0SBive,  motiunless^  and  still  attached  to  the 
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ehell  {f)  by  the  funis-like  duplicature  {d)  of  the  amniotic  covering 
(c),  and  it  is  protected  by  the  two  halves  of  the 
egg-shell,  suggestive  of  an  analogy  to  the  ento- 
mostracous  Cypris,  The  head,  antenns,  and  seg- 
ments of  the  body  are  better  marked  ;  transverse 
depressions  appear  on  the  dorsal  surface  of  the 
segments,  the  beginning  of  their  division  into  the 
double  ones  of  the  mature  insect :  but  the  embryo 
18  still  apodal,  though  rudiments^  or  buds  of  tho- 
racic limbs,  now  begin  to  be  discernible.  Some  of 
the  peripheral  cells  become  pushed  into  these 
buds  of  limbs,  making  them  obtuse  prior  to  elongation.  On  the 
ninth  day  the  funis  is  ruptured,  and  the  alimentary  canal  com- 
pleted ;  but  other  internal  parts  consist  of  cells  of  different  sizes. 
On  the  tenth  day  the  dorsal  vessel  betrays  itself  by  its  pulsations ; 
it  drives  the  colourless  blood  to  the  head,  which  now  becomes 
corneous ;  the  antenn®  become  clubbed,  and  now  a  simple  ocellus 
may  be  distinctly  seen  on  each  side.  On  the  seventeenth  day  the 
embryo  leaves  the  debris  of  its  shell :  it  presents  definite  segments, 
articulated  antennae,  and  three  pairs  of  jointed  legs ;  it  is,  in  short,  a 
hexapod  larva.  But  at  the  next  stage  of  progress  it  quits  the  high 
road  of  insect  development  to  enter  a  by-path  of  its  own :  new  seg- 
ments are  formed  from  the  penultimate  or  germinal  segment ;  a  rem« 
nant  of  the  funis  is  converted  into  a  rudimental  anal  spine ;  the 
amniotic  covering  and  the  rest  of  the  funis  are  moulted. 

The  first  spontaneous  movements  of  the  embryo  are  to  burst  and 
slip  off  the  amnion  with  the  first  integument ;  after  which  exertion 
the  larva  reposes,  with  slight  occasional  movements  of  the  antennas. 
We  may  now  distinguish  {fig.  155.)  eight  primary  segments  (1 — 8) 
besides  the  anal  one  (9).     Six  new  segments  155 

have  also  been  formed  at  the  germinal  space 
(7/),  but  these  are  short,  and  collectively  are 
only  equal  to  one  of  the  original  segments.  The 
new  segments  are  not  formed  by  a  division  of 
the  old,  but  by  gemmation  from  the  penulti- 
mate segment  at  the  germinal  space.  The 
primary  three  pairs  of  legs  (b  a),  are  developed 
from  the  second,  third,  and  fifth  primary  seg- 
ments. New  pairs  of  limbs  bud  out  from  the 
sixth  and  seventh  segments.  The  female  aper- 
tures are  perforated  in  the  fourth  segment ;  the  male  outh;t  is  estab- 
lished at  the  seventh  segment,  at  a  period  when  this  is  near  the 
posterior  end  of  the  body  of  the  larva.     It  is  tlien  marked  by  a  patch 


•f  tte  %odf  (j)t  aad  retains  tliu  cha- 
;  tfK  mom  mmmaom  and  rapidly 


l^a  tBe  l^fi»  a»d  tlie  iirAfe 
labon  l&e  %bt  In  thia  pro- 
igid  atladiei  itself  to  the  Brm 


\  aHie»««  fif 

^^^  ^^  %«^  li  ^irlttd  forwirJfi  tbe  motion   being  pro- 

^^^  ^^     III  IP  tf^oMOt*     On  the  twenty-sixth  d»j  tlie 

^M  #  ^*  «0«refiiig  in  vltich  it  liad  htrlierto  been 

llbe  iSwriA  penod  of  deTclopmn^nt ;  having  now 

ml  ftlit«fl  w^Bftcnts  to  its  bod/  O^,  lo6.>     The 

Ed  tad  €x!iibtt  six  ^i** 

igk  oceUuJv  ^"^ 
fOient  preparalory 
Jew  legs  (5,  c)  are 
nef,  but  not  so  strong ; 
4tags  of  tlie  primary 
iiore  distinct  I  the  patdi 
ip)  is  darker.     The  first 
nenti  (S)  is  almost  equal 
priruarj  one ;  tlie  pennl- 
1  anal  (15)  primnry  wg- 
m  xiv  h  i^  n  lii  rgt!  tl .     I  ii  1 1 1  e 
owlh  new   iegmonts  nr© 
,»..eiy  nniU'i!  at  <ln*  g*'rminal  npnco 
(9h  ^*"^  lUwnys  produced  beneath  the  common  integument,  which 
is  aftorwftnU   mouhed.      Tliese  segments  are   added   in   a   certain 
numerical  v^\\k\  Ax  at  a  time,  between  the  antepenultimate  and  the 
penultimate  it^ginen(>^     Movements  of  the  larva  are  always  observed 
to  be  fettered  by  the  «pprvvich  of  the  ecdysis.     All  the  limbs   super- 
added to  the  primary  thi^H>  |>airs  are  bifid;  and  these  double  legs 
are  horooK^ous  with  the  pr\^le^  of  caterpillars.    The  further  course 
of  growth  is  attende\l  with  a  mort»  distinct  definition  of  the  segments, 
wnd  by  transverse  indents  of  the  primary  x«cgments.     The  limbs  also 
\MCQmt  more  straightened.     The  whol<*  period  of  development  oc- 
mipies  four  or  five  week*,  and  then  dovclopmont  is  superseded  by  the 
|«nr«<M5t  of  growth. 

VfUU  regard  to  the  Centipedes,  we  stiU  neoil  a  series  of  researches 
|H  fM<^iM»  ^  properly  acquainted  with  their  development.  In  the  month 
hI*  M^/i  ^^^  larva  of  Lithobius  —  a  modified  centipede,  consisting  of 
ifiVI^N^^'^  iegment^y  and  having  fifteen  pairs  of  extremities — presents 
t|l||  ^nf^  j^AnU  and  seven  pairs  of  legs  with  two  simple  ocelli  on  each 


GENERATION  OF   INSECTS.  395 

side  of  the  head.  Early  in  June,  it  has  acquired  twelve  segments, 
and  eight  pairs  of  legs,  and  the  head  presents  three  ocelli  on  each 
side.  Later,  in  the  same  month,  the  segments  have  increased  to 
fifteen,  and  the  legs  to  fifteen  pairs,  and  the  number  of  ocelli  is  eight ; 
finally,  two  more  segments  are  added,  and  the  cluster  of  ocelli 
includes  twenty  on  each  side.  The  chief  distinction  between  the 
Lithobius  and  lulus  appears  to  be,  that  the  successive  joints  are  not 
developed,  as  in  the  lulidoy  at  the  posterior  part  of  the  body,  from 
one  particular  germinal  space,  but  at  the  interspaces  of  the  pre* 
existing  segments. 

With  regard  to  the  affinities  of  the  Myriapoda  as  they  are  il- 
lustrated by  the  known  phenomena  of  their  development,  we  discover 
in  the  peculiarly  localised  power  of  superadding  the  additional  joints 
in  the  Inlidae,  a  marked  analogy  to  the  anellids;  yet  the  appendages 
of  the  segments  being  distinctly  jointed  limbs,  we  have  in  these  a 
well-marked  character  of  the  superiority  of  the  Chilognatha.  Then, 
in  reference  to  the  Crustacea,  which  the  Myriapoda  more  resemble 
in  their  jointed  antennsB  and  limbs,  we  perceive  also  an  interesting 
additional  resemblance  in  the  Chilognatha,in  the  circumstance  of  the 
organs  of  the  generative  apparatus  not  terminating  in  the  homolo- 
gous segments  in  the  male  and  in  the  female ;  whilst  in  both  they 
are  situated  nearer  the  anterior  part  of  the  body.  But  this  crus- 
taceous  character  disappears  in  the  Chilopoda.  And  when  we  per- 
ceive that  the  first  form  of  the  articulated  animal  with  jointed  limbs, 
which  the  Myriapoda  assume,  is  that  of  the  hexapod  insect,  and 
further,  that  in  departing  from  this  type,  the  pair  of  limbs  succes- 
sively added  in  the  lulus  are,  like  the  temporary  ones  in  caterpillars, 
of  a  different  character  from  the  primary  six, — we  cannot  but  derive 
from  these  facts  a  well-founded  confidence  in  the  importance  of  that 
character  of  the  respiratory  system  which  associates  the  Myriapoda 
witli  the  Insecta  rather  than  the  Crustacea. 

I  proceed  now  to  demonstrate  the  structure  and  modifications  of 
the  organs  or  instruments  subservient  to  the  formation,  retention, 
nourishment,  defence,  and  transmission  of  the  sperm-cells  and  germ- 
cells,  and  their  products  or  developments,  in  the  true  or  hexapod 
Insects. 

In  entering  upon  a  review  of  the  structure  of  the  male  organs  of 
insects  generally,  we  found  their  simplest  type  in  the  lowest  or- 
ganised members  of  the  class,  viz.,  the  chilognathic  myriapods. 
The  testes  and  their  ducts,  with  short  and  simple  intromittent 
organs,  alone  existed  ;  there  were  no  accessory  glands,  no  me- 
chanical adjuncts  in  relation  to  the  coitus.     The  sexual  apertures, 
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sacli  larvae  are  readily  distinguishable  by  such  cocoons.  Von  Sclievettl 
secluded  one  of  these  virgin  female  larvae  of  the  I\i/che  vesHla^  andl 
found  that  she  laid  only  barren  eggs. 

The  female  larvae  of  certain  species  o^  Pysche  live  quite  separate! 
from  the  males  on  peculiar  feeding  localitien*     When  about  to  become 
pupsG,  most  of  the  cocoon-bc^rers  leave  those  localities,  and  attach  thai 
mouth  of  the  cocoon  to  branches  of  trees,  to  atones,  or  rocks.    Before' 
becoming  pupje,  the  grub  tarns  itself  in  the  cocoon,  and  brings  its  head 
opposite  the  hinder  or  lower  free  opening  of  the  cocoon,    Tlie  female  J 
pupae  manifest  very  little  motion,  but  remain  passive  at   the   upper! 
end  of  the  sac,  by  which  it    is  suspended^  whilst  the  active  miile| 
pnpfc  protrude  their  thorax  from  the  lower  opening  of  the  cocoon  | 
shortly  before  emerging  as  the  perfect  moth.     The  almost  apodal  I 
tnaggot- shaped   females  cast   tlieir  pupa-gkin  without  quitting  the 
cocoon  ;  they  wait,  in  the  hinder  or  lower  free  end  of  the  cocoon, 
the  approach  of  the  male,  which  accomplishes  the  act  without  ever^ 
fleeing  the  female  of  his  choice* 

The  male  Psyche  has  not  the  penis  of  any  remarkable  length,  but 
he  is  able  to  elongate  considerably  the  abdomen  ;  the  skin  of  that  part  | 
is  soft  and  extensible  ;  he  inserts  the  abdomen  into  the  hinder  open^ 
ing  of  the  female  cocoon,  and  brings  the  external  genitals  into  con-  ' 
nexion  with  the  copulatory  canal  of  the  female.  After  the  coitus, 
the  female,  which  has  no  ovipositor,  pushes  herself  back  again  into 
the  cast  pupa-skin,  and  there  oviposits.  Also,  if  such  a  female, 
awaiting  the  roale»  be  disturbed  at  the  closed  end  of  the  cocoon,  she 
returns  and  betakes  herself  wholly  within  her  old  shed  pupa-skin. 
In  the  allied  genus  Talwporia^  the  larviform  females  emerge  from 
the  hinder  aperture  of  their  short  cocoon,  and  creep,  by  means  of 
their  well-developed  legs,  to  the  under  side  of  the  cocoon  ;  the  gene- 
rative act  being  performed  in  open  day.  These  females  have  a  long 
ovipositor,  and  by  means  of  it  they  till  their  old  pupa-skin  with  the 
impregnated  ova*  The  procreant  female  of  Psyche  is  maggot-shaped, 
has  no  fully Kleveloped  legs^  no  articulate  antennae,  nor  distinct  eyes; 
neither  has  she  a  trace  of  an  ovipositor;  the  last  abdominal  segment 
consists  only  of  a  dhort  Beshy  cylinder,  on  which  a  short  ovidact 
opens*  The  coUeterium  is  a  double  pyrlform  glandular  sac,  with  a 
short  common  duct.  A  spermatheca  communicates,  by  a  short  con* 
pointed  duct,  with  the  common  vagina,  which  has  two  lateral  fleshy 
folds,  and  is  connected  with  a  round  bursa  copulatrix,  with  thin  and 
delicate  walla. 

Such  accessories  to  the  flabelliform  ovaria  and  short  oviducts  of 
the  Psyche  are  of  themselves  sa^lcieat  to  show  that  her  ova 
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insight  into  the  circumstances  which  rendered  the  successive  genera- 
tions from  virgin  Aphides  possible  and  conceivable ;  and  I  have  the 
greater  confidence  in  the  truth  of  that  insight  from  having  found  it 
equally  explanatory  of  the  analogous  phenomena  of  ^'Lucina  sine 
concubitu  *'  in  other  animab. 

It  is  now  more  than  a  century  since  Bonnet,  in  his  ^*  Trait6  d'ln- 
sectologie,"  8vo.>  1746,  first  attracted  the  attention  of  physiologists 
and  naturalists  to  this  mode  of  generation  in  the  Aphides^  or  plant- 
lice.  And  because  it  was  the  first  of  a  large  class  of  phenomena,  till 
then  utterly  unknown  and  unsuspected,  it  was  received  with  consider- 
able doubt,  or  met  by  total  incredulity. 

The  facts  are  briefly  these :  — 

The  impregnated  ova  of  the  Aphis  are  deposited,  at  the  close  of 
summer,  in  the  axils  of  the  leaves  of  the  plant  infested  by  the 
species,  and  the  ova,  retaining  their  latent  life  through  the  winter, 
are  hatched  by  the  returning  warmth  of  spring :  a  wingless  hexapod 
larva  is  the  result  of  the  development.  This  larva,  if  circumstances, 
such  as  warmth  and  food,  be  favourable,  will  produce  a  brood,  and, 
indeed,  a  succession  of  broods,  of  eight  larvae  like  itself,  without  any 
connection  with  the  male.  In  fact,  no  winged  males,  at  this  season, 
have  appeared.  If  the  virgin  progeny  be  also  kept  from  any  access  to 
the  male,  each  will  again  produce  a  brood  of  the  same  number  of 
aphides ;  and  carefully  prosecuted  experiments  have  shown  that  this 
procreation  from  a  virgin  mother  may  continue  to  the  seventh,  the 
ninth,  or  even  the  eleventh  generation  before  the  spermatic  virtue  of 
the  ancestral  coitus  has  been  exhausted. 

When  it  is  so  exhausted,  a  greater  proportion  of  cells  in  the 
germ-masses  developed  from  the  remnant  retained  by  the  last  pro« 
creant  larvse  are  used  up :  individual  growth  and  development  proceed 
further  than  in  the  parent ;  some  members  of  the  last  larval  brood 
are  metamorphosed  into  winged  males,  others  into  oviparous  females ; 
the  ova  are  impregnated  and  oviposited,  and  thus  provision  is  made 
for  disseminating  the  individuals  and  for  continuing  the  existence  of 
the  species  over  the  severe  famine-months  of  winter. 

These  phenomena,  first  observed^  as  I  have  said,  by  Bonnet,  in  the 
genus  AphiSy  were  the  first  to  which  the  thoughts  of  physiologists 
were  bent  to  explain.  But,  being  viewed  in  the  light  of  an  anoma- 
lous exception,  and  at  a  period  when  the  phenomena  of  embryonic 
development  were  not  known,  the  earliest  steps  more '  especially, 
success  could  not  be  expected. 

Reamur  eluded  the  difficulty  of  the  fact  which  Bonnet  bad  dis- 
covered, by  affirming  the  Aphides  to  be  androgynous.     The  vagina 
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in  tlie  perfect  ovi|»arouB  femtiiee  bas  appendages  culled  spermatheca 
and  colleterium  ;  and  Reaumur  might  bavc  even  appealed  to  the 
microscope  in  support  of  hia  idea,  for  he  raight  have  detected,  by  its 
aid,  spermatozoa  in  the  spermatheca.  But  this  would  not  have  proved 
the  hermaphroditfc  structure ;  for  the  spermatheca  receives  the  intro- 
mittent  organ  of  the  male,  and  retains  the  semen  in  store  for  the  suc- 
cessive impregnation  of  the  ova  as  they  pass  out ;  the  ova  at  the  same 
time  being  coated  by  the  adhesive  and  protective  matter  of  the  collete- 
rium. These  appendages  of  the  vagina  are  found  in  most  oviparoua 
insects  ;  and  the  true  male  AphU  is  as  wt^ll  known  now  as  that  of  any 
other  species  of  insect.  Moreover^  it  is  found  that  the  viviparous  virgin 
larvis  of  the  Aphides  have  not  got  a  trace  of  those  appendages  of  the 
Tagina,  which  Reaumur  supposed  to  be  male  organs.  They  were  not 
required  in  h«^r  mode  of  generation,  and  are  not  developed.  The  germ- 
cell  already  exists  in  her,  with  suflicient  spermatic  and  plastic  force  for 
its  development ;  no  semen,  therefore,  was  required  to  be  retained, 
and  there  is  no  spermatheca  :  the  embryonic  development  is  completed 
in  utero,  and  no  secretion  for  the  protective  covering  of  ova  wua 
needed.  The  structures,  therefore,  which  Reaumur,  under  a  miscx)n- 
ception  of  their  nature,  cited  in  order  to  solve  the  probk-m  of  the 
alleged  virgin  procreation,  are  present  only  in  that  perfect  form  of 
Aphis  whexe  no  such  phenomena  are  manifested. 

X^on  Dufour,*  whose  extent  of  research  and  comparison  of  the 
generative  organs  of  insects  led  him  to  a  true  appreciation  of  the 
nature  and  function  of  the  appendages  to  the  female  organs  of  the 
oviparous  Aphidts,  referred  the  phenomena  of  the  generation  of 
ihe,  \ta^v\pKto\x%  Aphides  to  "spontaneous  or  equivocal  generation.'* 
Now,  if  we  consider  what  we  actually  learn  from  these  words, — that 
the  larvae  produced  by  the  virgin  Aphides  are  produced  by  **  spon- 
taneous **  or  equivocal  generation,^ — it  will  seem  to  be  little  more 
than  another  mode  of  stating  the  fact.  The  condition  or  mode  of 
the  fact,  the  phenomena  rendering  it  possible,  are  not  explained  b/ 
them  ;  M,  Leon  Dufour,  however,  meant  to  record  his  belief  in  a 
hypothetieal  mode  of  generation,  in  w^hich,  as  he  expresses  it,  "the 
act  of  impregnation  was  in  no  degree  concerned/*  Having  detected 
the  male  Aphis,  and  well  scrutinised  the  structure  of  its  organs^ 
having  witnessed  the  coitus  with  the  wioged  female,  and  carefully 
excluded  the  male  in  repeating  the  observations  an*l  oxp^iriinents  of 
Bonnet,  M.  Dufour  satistled  himstflf,  and  ailkmed,  tliiit  nnpregnalion 
had  no  share  whatever  in  the  phenomena  of  the  develu[nuont  of  the 
larval  aphis  in  the  body  of  another  virgin  larval  ^Am. 
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With  regard  to  the  hypothesis  of  spontaneous  generation,  the 
reasons  which  have  led  me  to  concur  with  most  physiologists  of  the 
present  day  in  rejecting  it  were  fully  given  in  a  former  Course  of 
Lectures  on  the  subject  of  Generation,  and  every  exact  observation 
and  experiment  subsequently  recorded  serve  to  render  that  hypo- 
thesis less  tenable  and  more  gratuitous. 

Professor  Morren,  a  comparatively  recent  and  very  exact  observer 
of  the  anatomy  and  generative  economy  of  the  Aphides,  retaining 
the  hypothesis  of  spontaneous  generation  as  it  has  been  applied  to 
the  Entozoa,  propounded,  though  not  without  reserve,  a  theory  that 
the  larval  aphides  were  developed  in  the  body  of  the  virgin  parent, 
like  Entozoa,  '*by  the  individualisation  of  a  previously  organised 
tissue."  Now  here  also  is  a  phrase  which,  when  the  meaning  of  it 
is  analysed,  does  little  more  than  express  the  old  facts  in  a  new  way. 
When  a  larval  aphis  is  developed,  a  new  individual  exists ;  in  other 
words,  it  has  been  "  individualised  ;*'  and,  as  nothing  can  come  out 
of  nothing,  it  must  have  been  by  the  individualisation  of  a  previously 
existing  something.  The  question  to  be  solved  is,  what  is  that 
something,  and  what  has  happened  to  that  something  to  make  its 
individualisation  under  the  form  of  a  larval  aphis  possible  and  con- 
ceivable by  us  according  to  the  known  analogies  of  other  embryonic 
developments  or  individualisations  ?  That  would  be  the  explana- 
tion of  which  we  are  in  quest, — an  explanation  going  as  far  as  that 
which  we  are  able  to  give,  for  example,  of  the  development  of  an 
ordinarily  impregnated  ovum ;  and,  by  the  proved  analogy  of  the 
essential  condition  of  the  development  in  the  virgin  aphis  with 
that  condition  in  the  impregnated  ovum,  capable  of  having  every 
advance  of  knowledge  of  the  operation  of  such  essential  condition 
applied  to  it. 

When,  however,  M.  Morren  affirms  *'  que  la  g^n^ration  se  fait  ici, 
comme  chez  quelques  Entozoaires,  par  I'individualisation  d'un  tissu 
pr^cedemment  organist  *"  the  objection  immediately  arises,  that  no 
one  has  ever  seen  a  portion  of  mucous  membrane,  muscular  fibre, 
or  other  organised  tissue  detach  and  transform  itself  into  an  ento- 
zoon :  such  a  process  is  as  gratuitously  assumed,  and  as  little  in  ac- 
cordance with  observed  phenomena,  as  **  spontaneous  generation  **  in 
the  abstract  In  a  former  Course  I  objected,  that  *'the  fissipa- 
rous  nucleated  cells  of  the  ovum,  once  metamorphosed  into  a  tissue, 
can  produce  nothing  higher,  and  nothing  else  save  by  their  decay, 
which  products  are   excreted  ;   but  the   cells   which   retain  their 

♦  Annales  des  Sciences  Nat.  t.  v.  1836,  p.  90. 
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piimordial  eelby  at  first  roundi  and  provided  with  one  nacleolDS* 
become  aftorwards  elliptical,  and  generally  two  nucleoli  can  be  dis- 
cerned in  thooi  ♦  after  ward  a  two  cells  exist,  of  a  mailer  aize  than  thdi 
parent  cell*     IIo  concludes,  that  this  fissiparous  generation  of  cells,! 
which  accords  with  that  observed  by   Siebold    and   Bagge   in    Hie 
Ascarift,  ia  Uie  general  mode  of  their  multiplication  ; — "  Haec  omnia, 
etsi    nunquam    ceilulad  in   nliis  inclusas   ofiendi,   ne  ad  sententiam  . 
uddueunt,  posteriores  a  prioribua  gigni,  ita  semper  binse  in  unaque 
celluhi  mat  re  oriantur. 

Tlic  vitelline  masd  becomed  elongated   and  vermiform,  and,  by 
further  subdivision  and  coalescence  of  the  peripheric  stratum  of  the 
derivative  gcrra-cclJs  ("  cambium"  of  Herold),  a  transparent  integu* 
meut  13  formedi  like  that  in  the  Ento;coon,  first  along  the  ventrjil 
aspect^  then   ascending  up   the  sides  to  the  dorsal  aspect,  which  iaj 
Ukewiso  closed  in  by  the  reciprocally  approximating  folds  which. j 
eorer  flret  the  cephalic  and  then  the  caudal  segments.     The  portioai 
of  th6  germ*masa  remaind  long  tinchangod  in  the  anal  segment  of  the 
lonra  of  the  bee.     No  part  of  the  yolk  can  be  properly  said  to  enter 
or  he  taken  Into  the  body  of  an  insect.     It  never  was  out  of  the 
body;  it  is  a  **  gerra^yolk  ;"  and  forms  the  basis  of  the  future  body  j 
ihfsro  it  no  nppondijd  or  superadded  vitellus,  as  in  the  shark  or  bird.  I 
Tlu*  division  of  thr  intf^gumont  into  the  thirteen  segments  commences 
ot  thfj  ventral  ai*pect,  which  is  convex,  the  vermiform  body  of  th$ 
embryo  being,  at  first,  bent  backwards. 

In  the  capitnte  larv»  the  entoxoal  type  is  quickly  left  by  the 
OAfvieal  constriction,  and  the  development  of  a  distinct  head^  which 
eommencca  by  the  formation  of  the  part  afterwards  retained  as  the  i 
labrum.  The  mandibulae  and  antennae  next  appear  behind  the  J 
labrum  as  convex  lobes ;  and  the  part  of  the  head  in  the  lower  inter-  J 
space  of  the  mandibles  forms  the  labium ;  the  maxilhe  then  bud  forth 
between  the  labium  and  the  mandibles.  The  median  fissure,  thus 
eurrounded  by  the  rudimental  trophi^  sinks  deeper  into  the  substance 
of  the  headj  and,  meeting  a  slender  anterior  production  of  the  in- 
ternal vitelline  sac  or  cavity,  establishes  the  mouth  and  cesophagua. 
Whilst  these  stages  are  in  progress,  the  peripheral  series  of  included 
vitelline  cells  have  undergone  a  series  of  spontaneous  fissions  i 
whereby  the  remaining  tnass  becomes  included  within  a  second 
stratum  or  cambium,  which,  by  coalescence  and  further  metamor- 
phoses of  the  cells,  is  transformed  into  the  tunics  of  the  alimentary 
eanal,  the  interspace  between  which  and  the  outer  integument  forms 
the  abdominal  cavity.  A  certain  proportion  of  the  vitellus,  not  in- 
cluded in  the  ellipsoid  alimentary  canal,  has  undergone  transforma- 
tions, by  which  the  foundations  of  the  muscular  system,  the  ventral 
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The  condition  which  renders  this  seemingly  strange  and  mysterious 
generation  of  an  embryo  without  precedent  coitus  possible,  is  tlie 
retention  of  a  portion  of  the  cells  of  the  germ-mass  unchanged.  One 
sees  such  portion  of  the  germ-mass  taken  into  the  semi-transparent 
body  of  the  embryo  Aphis,  like  the  remnant  of  the  yelk  in  the  chick. 
I  at  first  thought  that  it  was  about  to  be  enclosed  within  the  alimen- 
tary canal ;  but  it  is  not  so.  As  the  embryo  grows  it  assumes  the 
position  of  the  ovarium,  and  becomes  connected  with,  or  aids  in 
forming  the  filamentary  extremities  of  the  eight  oviducts.  Individual 
development  is  checked  and  arrested  at  the  apterous  larval  condition. 
It  is  plain,  therefore,  that  the  essential  condition  of  the  development 
of  another  embryo  in  this  larva  is  the  retention  of  part  of  the  progeny 
of  the  primary  impregnated  germ-celL  All  gemmation,  external  or 
internal,  is  essentially  the  same  process ;  but  we  should  learn  nothing 
by  being  told  that  the  virgin  procreation  of  the  Aphis  was  a  process 
of  internal  gemmation  *,  unless  it  were  shown  how  that  was  connected 
with  the  primitive  mode  of  diffusion  of  the  fertilising  force  through 
the  germ-mass;  in  other  words,  unless  the  signification  of  the 
"cleavage-process"  of  the  impregnated  egg  had  first  been  appre- 
ciated, and  the  resemblance  of  its  product  to  the  basis  of  the  bud 
been  duly  recognised. 

The  production  of  a  larval  Aphis  may  be  repeated  from  seven  to 
eleven  times  in  as  many  successive  virgin  generations,  without  any 
more  accession  to  the  primary  spermatic  virtue  of  the  retained  cells 
than  in  the  case  of  the  successive  development  of  polypes  in  the 
compound  zoophyte,  or  the  successive  budding  of  the  individual 
leaves  in  the  equally  compound  plant. 

At  length,  however,  the  last  apterous  or  larval  Aphis,  so  developed, 
proceeds  to  be  "  metamorphosed,"  as  it  is  termed,  either  into  a  winged 
individual,  in  which  only  the  fertilising  filaments  are  formed,  as  in 
the  case  of  the  stamens  of  the  plant ;  or,  it  perfects  the  female 
generative  organs,  and  developes  the  ovules,  as  in  the  case  of  the 
pistil.  Thus  there  become  "male  and  female  individuals,"  pre- 
ceded by  procreative  individuals  of  a  lower  or  arrested  grade  of 
organisation,  analogous  to  the  gemmiparous  polypes  of  the  zoophyte 
and  the  leaves  of  the  plant. 

The  process  has  been  described  for  its  better  intelligibility  in  the 
Aphides  as  one  of  a  simple  succession  of  single  individuals,  but  it  is 
much  more  marvellous  in  nature.  The  first-formed  larva  of  early 
spring  procreates  not  one  but  eight  larvas  like  itself  in  successive 

*  Very  good  obsenratioiu  are,  nevertheless,  contained  in  CCLXYIIL 


414 


l-ECTORE   XVI n. 


broods,  and  each  of  these  larvsc  repeats  the  process ;  Mul  it  tnmf 
again  repeated  in  the  same  geometrical  ratio  until  a  number  whicl 
figures  only  can  indicate  and  language  almost  faild  to  express  is  thi 
result.  The  Aphides  generated  from  virgin-parentR,  by  this  procea 
of  internal  gemmation,  are  as  countless  as  the  leaves  of  a  tree,  U 
which  thoy  are  in  some  respects  analogous. 

But  why,  it  may  be  asked,  should  thtire  be  this  strange  combiDattol 
of  viviparous  generation  at  one  season  and  of  oviparous  generatioi 
at  another  in  the  same  insect?  Tlie  viviparous  or  larviparous  gene 
ration  efl^ects  a  multiplication  of  the  plant-iice  adequate  to  kee| 
pace  with  the  rapid  growth  and  increase  of  the  vegetable  kingdoq 
m  the  spring  and  summer*  No  sooner  is  the  weather  mild  enoogl 
to  effect  the  hatching  of  the  ovum  which  may  have  retained  its  Tt 
tttlity  through  the  winter,  than  the  larva,  without  having  to  wait  foi 
the  acquisition  of  its  mature  and  winged  form,  as  in  other  insects 
forthwith  begins  to  produce  a  brood,  as  hungry  and  insatiablts,  and  m 
fertile  as  itself  The  rata  of  incre^ase  may  be  conceived  by  the  fol 
lowing  calculation  : — 

The  Aphis  lanigera  produces  each  year  ten  viviparous  broods^j 
one  which  is  oviparous,  and  each  generation  averages  100  i 
viduals. 


1st  generation     1  aphis  produces 

2d  100 

8d  10,000 

4th  1,000,000 

5th  100,000,000 

6th  10,000,000,000 

7th  1,000,000,000,000 

8th  100,000,000,000,000 

9th  10,000,000.000,000,000 

1 0th  1 ,000,000,000,000,000,000 


hundred, 
ten  thousand. 
one  million, 
hundred  millions. 
ten  billions, 
one  triUion. 
hundred  trill i< 
ten  quatrillio: 
one  quintillioi 

If  the  oviparous  generation  be  added  to  this  you  will  have  a 
times  greater  result. 

It  generally  happens  that  the  metamorphosifl  sometimes  occurring 
after  the  seventh  or  eleventh  larviparous  generation  takes  pli 
murh  earlier  in  the  case  af  nouio  of  the  thousands  of  individaals 
propagated  :  just  an  a  h*af*hud  ntiar  tlic  root  may  develope  a  leaf« 
stem,  a  flower  and  iieed-capHul<^,  with  much  fewer  antecedent  genera-" 
tions  of  leaves  from  buds  than  hate  preceded  the  formation  of  tha 
flower  at  the  nummit  nf  thn  plant ;  or  just  as  one  of  the  lower  and 
earlier  fonncsd  digestif*;  polypos  may  push  out  a  bud  to  be  trans^ 
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formed  into  an  ovarian  sac  and  a  generative  medusa.  The  analogy 
is  beautifully  and  closely  maintained  throughout. 

The  wingless  larval  aphides  are  not  very  locomotive ;  they  might 
have  been  attached  to  one  another  by  continuity  of  integument,  and 
each  have  been  fixed  to  suck  the  juices  from  the  part  of  the  plant 
where  it  was  brought  forth.  The  stem  of  the  rose  might  have  been 
incrusted  with  a  chain  of  such  connected  larvas  as  we  see  the  stem  of 
a  fucus  incrusted  with  a  chain  of  connected  polypes,  and  only  the  last 
developed  winged  males  and  oviparous  females  might  have  been  set 
free.  The  connecting  medium  might  even  have  permitted  a  common 
current  of  nutriment  contributed  to  by  each  individual  to  circulate 
through  the  whole  compound  body.  But  how  little  of  anything 
essential  to  the  animal  would  be  effected  by  cutting  through  this 
hjrpothetical  connecting  and  vascular  integument  and  setting  each 
individual  free  I  If  we  perform  this  operation  on  the  compound  zoo- 
phyte, the  detached  polype  may  live  and  continue  its  gemmiparous 
reproduction.  This  is  more  certainly  and  constantly  the  result  in 
detaching  one  of  the  monadiform  individuals  which  assists  in  com* 
posing  the  seeming  individual  whole  called  ^^  vol  vox  globator;"  and 
so,  likewise,  with  the  leaf-bud.  And  this  liberation  Nature  has 
actually  performed  for  us  in  the  case  of  the  Aphis,  and  she  thereby 
plainly  teaches  us  the  true  value  or  signification  in  morphology  of 
the  connecting  links  that  remain  to  attach  together  the  different 
gemmiparous  individuals  of  the  volvox,  the  zoophyte,  and  the 
plant.* 

The  phenomena  of  parthenogenesis  have  not  been  manifested  in 
any  articulate  animal  of  higher  organisation  than  insects :  they  cease 
at  a  lower  grade  of  the  parallel  series  of  the  molluscous  invertebrata. 
In  some  lepidopterous  insects,  which  have  been  supposed  to  have  the 
faculty  of  producing  fertile  eggs  without  sexual  intercourse,  closer 
observation  has  shown  the  mistake  to  have  arisen  from  the  unusual 
circumstances  under  which  the  act  of  impregnation  takes  place.  This 
is  the  case  with  the  moths  of  the  genus*/%ycAe,  which  the  German 
entomologists  call  '^sac-trager"  from  the  remarkable  cases  or  sacs 
which  the  larvae  inhabit  The  true  state  of  the  case  has  been  ex- 
plained by  the  observations  of  Von  Scheven  and  Siebold.f  The 
females  of  these  moths  never  acquire  wings,  but  develope  their  ova 
under  a  grade  of  metamorphosis  very  little  beyond  that  of  the  larval 
state.  The  larvae  which  become  females  fabricate  an  entirely  different 
cocoon  from  that  of  the  larvae  which  become  males,  and  the  sexes  of 
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broods,  anti  each  of  these  larvae  repeats  the  process;  and  it  mayl 
again  repeated  in  the  same  geometrical  ratio  until  a  number  wbt(d(^ 
figures  only  can  indicate  and  language  almost  fails  to  express  is  the 
result.     The  Aphides  generated  from  virgin-parents,  by  ibis  process 
of  internal  geroraatjon,  are  as  countJess  as  tbe  leaves  of  a  tree,  to 
which  they  are  in  some  respects  analogous. 

But  why,  it  may  be  asked,  should  there  be  this  strange  conjbination 
of  viviparous  generation  at  one  season  ajid  of  oviparous  generation 
at  another  in  the  same  insect  ?  The  viviparous  or  larviparous  gene- 
ration effects  a  multiplication  of  the  plant-lice  adequate  to  keep 
pace  with  the  rapid  growth  and  Increase  of  the  vegetable  kingdom 
in  the  spring  and  summer.  No  sooner  is  the  weather  mild  enough 
to  effect  the  hatching  of  the  ovum  which  may  have  retained  its  vi- 
tality through  the  winter,  than  the  larva,  without  having  to  wait  for 
the  acquisition  of  its  mature  and  winged  form,  as  in  other  inseetSt 
forthwith  begins  to  produce  a  brood,  as  hungry  and  insatiable,  and  aa 
fertile  as  itself.  The  rate  of  increase  may  be  conceived  by  the  fol* 
lowing  calculation  : — 

The  Aphis  lanigera  produces  each  year  ten  viviparous  broods,  and 
one  which  is  oviparous,  and  each  generation  averages  100  indi- 
viduals* 

1st  generation     I  apliis  producer 

hundred, 
ten  thousand. 
one  million. 
hundred  millions, 
ten  billions. 
one  trilUon, 
hundred  trillions. 
ten  quntrillions, 
one  quintillion* 

If  the  oviparous  generation  be  added  to  this  you  will  have  a  thirty 
times  greater  result* 

It  generally  happens  that  the  metamorphoaia  sometimes  occurring 
after  the  seventh  or  eleventh  larviparous  generation  takes  place 
much  earlier  in  the  case  of  some  of  the  thousands  of  individuals  so 
propagated :  just  as  a  leaf-bud  near  the  root  may  develope  a  leaf- 
atem^  a  flower  and  seed-capsule»  with  much  fewer  antecedent  genera* 
tions  of  leaves  from  buds  than  have  preceded  the  formation  of  the 
flower  at  the  summit  of  the  plant ;  or  just  as  one  of  the  lower  and 
earlier  formed  digestive  polypea  may  push  out  a  bud  to  be  trans- 


2d 

100 

Sd 

10,000 

4th 

1,000,000 

5th 

100,000,000 

6th 

10,000,000,000 

7th 

1,000,000,000,000 

8th 

100,000,000.000,000 

9th 

10,000,000,000,000,000 

0th 

1,000,000,000,000,000,000 
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formed  into  an  ovarian  sac  and  a  generative  medusa.  The  analogy 
is  beautifully  and  closely  maintained  throughout. 

The  wingless  larval  aphides  are  not  very  locomotive ;  they  might 
have  been  attached  to  one  another  by  continuity  of  integument,  and 
each  have  been  fixed  to  suck  the  juices  from  the  part  of  the  plant 
where  it  was  brought  forth.  The  stem  of  the  rose  might  have  been 
incrusted  with  a  chain  of  such  connected  larvffi  as  we  see  the  stem  of 
a  fucus  incrusted  with  a  chain  of  connected  polypes,  and  only  the  last 
developed  winged  males  and  oviparous  females  might  have  been  set 
free.  The  connecting  medium  might  even  have  permitted  a  common 
current  of  nutriment  contributed  to  by  each  individual  to  circulate 
through  the  whole  compound  body.  But  how  little  of  anything 
essential  to  the  animal  would  be  effected  by  cutting  through  this 
hypothetical  connecting  and  vascular  integument  and  setting  each 
individual  free !  If  we  perform  this  operation  on  the  compound  zoo- 
phyte, the  detached  polype  may  live  and  continue  its  gemmiparous 
reproduction.  This  is  more  certainly  and  constantly  the  result  in 
detaching  one  of  the  monadiform  individuals  which  assists  in  com- 
posing the  seeming  individual  whole  called  <^  vol  vox  globator;"  and 
so,  likewise,  with  the  leaf-bud.  And  this  liberation  Nature  has 
actually  performed  for  us  in  the  case  of  the  Aphis,  and  she  thereby 
plainly  teaches  us  the  true  value  or  signification  in  morphology  of 
the  connecting  links  that  remain  to  attach  tc^ether  the  different 
gemmiparous  individuals  of  the  volvox,  the  zoophyte,  and  the 
plant.* 

The  phenomena  of  parthenogenesis  have  not  been  manifested  in 
any  articulate  animal  of  higher  organisation  than  insects  :  they  cease 
at  a  lower  grade  of  the  parallel  series  of  the  molluscous  invertebrata. 
In  some  lepidopterous  insects,  which  have  been  supposed  to  have  the 
faculty  of  producing  fertile  eggs  without  sexual  intercourse,  closer 
observation  has  shown  the  mistake  to  have  arisen  from  the  unusual 
circumstances  under  which  the  act  of  impregnation  takes  place.  This 
is  the  case  with  the  moths  of  the  genus'iVycAe,  which  the  German 
entomologists  call  ^^sac-trager"  from  the  remarkable  cases  or  sacs 
which  the  larvae  inhabit.  The  true  state  of  the  case  has  been  ex- 
plained by  the  observations  of  Von  Scheven  and  Siebold.f  The 
females  of  these  moths  never  acquire  wings,  but  develope  their  ova 
under  a  grade  of  metamorphosis  very  little  beyond  that  of  the  larval 
state.  The  larvae  which  become  females  fabricate  an  entirely  different 
cocoon  from  that  of  the  larvae  which  become  males,  and  the  sexes  of 
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such  larvae  are  readily  distinguisbable  by  such  cocoons.  Von  Scheve 
secluded  one  of  these  virgin  female  Urv©  of  the  Pit/ehe  vestila^  an4 
found  that  she  laid  only  barren  e^gs. 

The  female  larvae  of  certain  species  of  Pysche  live  quite  s^parai 
from  the  males  on  peculiar  feeding  localities.    When  about  to  becatnd 
pu]w,  most  of  the  cocoon-bearers  leave  those  localities,  and  attach  tb©" 
mouth  of  the  cocoon  to  branches  of  trees,  to  stones,  or  rocks.    Beforo_ 
becoming  pupae,  the  grub  turns  itself  in  the  cocoon,  and  brings  its  hcni 
opposite  the  hinder  or  lower  free  opening  of  the  cocoon.    The  femald 
pupfc  manifest  very  little  motion,  but  remain  passive  at  the   uppe 
end  of  the  sac,  by  which  it    is  suspended;  whilst  the  active  tnale 
pupoe  protrude  their  thorax  from  the  lower  opening  of  tiie  cocoon 
shortly  before  emerging  as  the  perfect  moth.     The  almost  apodal 
maggot- shaped   females  cast   their  pupa-skin  without  quilting  the 
cocoon  J  they  wait,  in  the  hinder  or  lower  free  end  of  the  cocoooJ 
the  approach  of  the  male,  which  accomplishes  the  act  without  eve 
seeing  the  female  of  his  choice* 

The  male  Psyche  has  not  the  penis  of  any  remarkable  lengthy  but 
he  is  able  to  elongate  considerably  the  abdomen  ;  the  skin  of  that  part 
is  soft  and  extensible  ;  he  inserts  the  abdomen  into  the  hinder  open* 
ing  of  the  female  cocoon,  and  brings  the  external  genitals  into  con* 
nerion  with  the  copulatory  canal  of  the  female.     After  the  coitusJ 
the  female,  which  has  no  ovipositor,  pushes  herself  back  again  iotoi 
the  cast  pupa-akin,   and  there  oviposits.     Abo^  if  such  a  femole, 
awaiting  the  male,  be  disturbed  at  the  closed  end  of  the  cocoon,  she 
returns  and  betakes  herself  wholly  within  her  old  shed  pupa-skin* 
In  the  allied  genus  Taltpperia^  the  larviforra  females  emerge  frotni 
the  hinder  aperture  of  their  short  cocoon,  and  creep,  by  means  of' 
their  well -developed  legs,  to  the  under  side  of  the  cocoon  ;  the  gene- 
rative act  being  performed  in  open  day.     These  females  have  a  long  . 
ovipositor,  and  by  means  of  it  they  fill  their  old  pupa-skin  with  the  I 
impregnated  ova.    The  procreant  female  of  Psyche  is  maggot-shaped^  j 
has  no  fully-developed  legs,  no  articulate  antennae,  nor  distinct  eyes ; 
neither  has  she  a  trace  of  an  ovipositor;  the  last  abdominal  segment  | 
consists  only  of  a  short  fleshy  cylinder,  on   which  a  short  oviduct 
opens.     The  cotleterium  is  a  double  pynform  glandular  sac,  with  a 
short  common  duct,     A  spermatheca  communicates,  by  a  short  con- 
voluted duct,  with  the  common  vagina,  which  has  two  lateral  fleshy 
folds,  and  is  connected  with  a  round  bursa  copulatrix,  with  thin  and 
delicate  walls. 

Such  accessories  to  the  flalK;lliform  ovaria  and  short  oviducts  of 
the  Pii/che  are  of  themselves  sufficient  to  show  that  her  ova  are 
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destined  to  be  impregnated.  The  idea  that  the  females  of  this  genus 
of  moth  were  parthenogenetic  would,  however,  naturally  arise  from 
observation  of  insulated  facts  in  the  singular  series  of  her  generative 
processes.  Our  science  ever  presents  a  picture  of  truth  evolving 
itself  by  slow  degrees  from  the  misapprehensions  of  observers.  An 
entomologist  collecting  the.  female  Psyche  in  her  unusually  early 
arrested  stage  of  metamorphoses,  and  without  cognisance  of  the 
singular  mode  of  impregnation,  would  at  first  conclude,  from  the 
analogy  of  other  moths,  that  she  was  a  virgin  pupa ;  and,  keeping 
her  carefully  insulated,  would  be  astounded  by  her  abundant  pro- 
duction of  fertile  ova.  Or,  if  ignorant  of  the  peculiar  place  of  her 
natural  oviposition,  he  might  well  mistake  the  shed  pupa-case,  filled 
with  fertile  eggs,  for  an  actual  pupa  in  which  such  eggs  had  been 
developed. 

There  are  many  striking  and  beautiful  manifestations  of  instinctive 
prescience  in  the  modes  of  oyiposition,  and  in  the  location  and 
attachment  of  the  ova.  Observe  the  actions  of  the  common  white 
butterfly.  Her  food  is  the  nectar  of  flowers ;  but,  after  impregna- 
tion, she  flits  about  with  a  purpose  quite  distinct  from  anything 
connected  with  the  act  of  supplying  herself  with  nutriment :  if  the 
plant  suitable  to  the  food  of  the  larvsB  to  be  developed  from  her  eggs 
happen  to  be  within  the  range  of  her  flight,  it  will  soon  be  seen  what 
her  object  is.  The  larvse  of  most  Lepidoptera  infest,  and  can  only 
be  nourished  properly  by,  the  leaves  of  particular  plants :  thus,  the 
mulberry  is  suitable  to  the  silk-worm,  and  the  cabbage  to  the  PierU 
brassica;  when  that  commonest  of  our  butterflies  has  found  the  cab- 
bage, she  has  attained  the  end  of  her  quest,  and  proceeds  to  the  work 
of  oviposition. 

But  a  more  striking  illustration  is  found  in  the  ichneumon-fly, 
which  is  remarkable  for  the  great  length  of  the  anal  appendages. 
Her  food,  also,  is  nectar ;  but  her  chief  occupation  in  crossing  over 
the  leaves  of  trees  and  plants,  after  being  impregnated,  is  to  discover 
the  larva  that  may  be  lurking  in  the  bend  of  the  folded  leaf,  pre- 
paratory to  its  change  into  the  pupa-state.  The  ichneumon,  by 
means  of  her  peculiarly  long,  sharp,  and  slender  oyipositor,  pierces 
the  skin  of  the  larva,  and  in  spite  of  its  writhing  and  the  ejection 
of  an  acrid  fluid,  she  succeeds  in  introducing  the  instrument,  and, 
by  divaricating  the  two  parts  of  the  sheath,  makes  a  little  canal  by 
which  the  ova  are  transmitted  and  lodged  under  the  skin:  she 
then  flies  off  to  seek  another.  Sometimes  the  female  ichneumon, 
when  she  has  found  a  larva,  seems  to  take  no  notice  of  it ;  and,  in 
that  case,  it  has  been  found  that  another  ichneumon  has  previously 
oviposited  there,  and,  by  some  peculiar  sense,  she  ascertains  that 
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there  is  no  room  for  more  ova,  or  not  food  enough  for  mch  wl 
hatched.     After  the  ichneumon  has  dejyosiled  thr  o\n,  ghc  r»la 
oTer  the  iround  with  the  coUeterial  secretion. 

In  the  iosecta  of  the  genus  Cynipa^  which  are  nearlj  allied  tol 
ichncuTTinnSj  the  foQiale  has  an  ovipositor  vnty  Bimilarly  modified;  thefj 
place  for  OTiposition  ir  the  leaves  of  trees ;  and  the  ova  excite  an 
action  in  the  cellular  tissue  of  the  leaf,  which  reauJta  in  the  formation 
of  a  warm  and  nutritious  hed  for  the  larvsc  The  producti  called 
•*  nut-galls "  result  from  such  a  procedure  of  the  Ct/nfps  Querri^ 
In  an  insect  allied  to  Aphis,  the  Chcrmen^  or  Pst/lla  abieth,  the  ! 
act  of  the  oviparous  female^  at  the  close  of  summer,  is  to  deposit  he 
ova  in  the  rudimentnrj  leaves  of  the  fir-tree  ;  when  these  leave 
instead  of  growing  to  the  length  of  the  others,  hecomo  thickened,  i 
are  converted,  hy  the  irritation  of  the  ova  of  the  Cherme^,  into  a 
aeriet  of  cells  of  a  compact  structure.  In  the  Hunierian  preparation 
(No.  2972)  a  section  has  been  removed,  showing  the  cavities 
taining  the  larva?.  In  another  preparation  (No.  2975)  is  a  specinae 
of  the  article  in  the  old  Materia  Medica,  called  **  Bedeguar."  It  18  m^ 
twig  of  the  common  wild  rose,  from  the  end  of  which  a  tuft  of  mossy 
Bhres  has  shot  out,  in  consequence  of  the  irritation  induced  hy  thf 
presence  of  the  ova  and  larvte  of  the  Ct/nipM  Rosa,  Hunter  ha4 
made  a  section  of  this  monstrous  growth,  exposing  several  of  the 
nidamental  cavities  and  their  small  white  larvas. 

In  the  gad-fly  {(Entrtts  hovU)  the  ovipositor  is  like  a  telescop 
terminated  by  boring  instruments  ;  by  means  of  these  the  integument 
of  the  ox  is  perforated,  and  the  egg  is  then  deposited  nndemeaih  tb« 
akin  \  a  peculiar  kind  of  inflammation  is  set  up,  followed  by  hypor 
trophy  and  condensation  of  the  cellular  tissue,  and  in  the  nidus  thui 
produced  the  larvse  are  dcTcloped.  In  the  Bot-ccstrus  (Gaslerojthi* 
Im  equi)  the  ova  are  destined  to  be  incubated  in  the  aliroentary  canal 
of  the  horse ;  and  one  might  wonder  how  their  passage  could 
be  insured  into  such  a  locality*  The  instinct  of  the  female  impels 
her  to  attach  the  ova  to  the  hair  of  those  parts  of  the  body  which  ia 
most  readily  reached  by  the  horse^s  lips  or  tongue  ;  the  irritatioQ. 
of  the  attached  ova  excites  the  action,  and  so  they  are  picked  cc 
licked  off  and  swallowed. 

Many  insects  deposit  their  eggs  In  the  earth,  and  the  females  of 
sucli  are  provided  with  instruments  for  digging.    In  the  preparations 
of  the  Locust  (No.  3166  h  3168),  they  are  seen  to  consist  of  two  hardi 
elongated  valves;  these,  in  close  juxtaposition,  are  thrust  into  the 
earth,  like  the  gardener's  dibble  ;  th^  valves  are  then  separated  by^ 
muscles,  and  the  eggs  are  protruded  along  the  interspace  and  depo*i 
sited  like  seeds  in  the  ground.     The  analogous  part  in  the  bee  ia  thai 
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which  forms  the  sting,  and  this,  as  the  defensive  instrument  of  the 
nursing  female,  has  a  certain  relation  to  the  well-being  of  the  young. 
Many  insects  not  only  provide  the  germ  with  the  nutritive  vitelline 
mass,  or  the  material  for  the  first  development  of  the  embryo,  (if, 
indeed,  the  parent  can  be  said  to  be  concerned  in  that  supply  which 
is  the  result  rather  of  a  scrips  of  spontaneous  fissions  with  an  inherent 
power  of  assimilation  of  the  primitive  germ-cell  itself,)  but,  in  some 
cases,  the  parent  having  selected  a  fit  place  for  the  deposition  of  her 
precious  burthen,  continues  the  maternal  office  by  placing  near  the 
ovum  the  kind  of  food  which  the  larva  will  necessarily  require  in 
order  to  complete  its  growth. 

Some  insects,  as  bees  and  ants,  feed  the  larvaa ;  supply  them  with 
the  required  food  from  time  to  time,  as  nurses  satisfy  the  cravings  of 
a  child ;  but  these  cares  seldom  devolve  upon  the  mother  in  the  insect 
class :  they  are  performed  by  a  distinct  race  of  individuals,  of  the 
feminine  sex,  but  incapable  themselves  of  exercising  the  procreative 
faculty. 

The  mother  ear-wig,  however^  attends  to  and  broods  over  her  eggs 
during  the  whole  period  of  larval  development,  turning  them  and  re- 
moving them  from  place  to  place,  according  as  the  locality  may 
happen  to  be  of  the  required  warmth  or  moisture. 

The  forms  of  the  eggs  of  insects  are  very  variable :  often  beautiful 
and  regular,  like  the  seeds  of  plants;  sometimes  very  singular; 
always  perfectly  adapted  to  the  required  conditions  for  the  develop- 
ment of  the  future  insects  The  eggs  are  cylindrical  in  Bombyx 
everia  ;  conical,  with  tuberculate  ribs,  in  Pontia  napi  ;  hemispherical 
in  Bombyx  dumeti;  lenticular  in  Noctuapsi;  cup-shaped  in  Orgyia 
antiqua;  flask-shaped  in  Ctdex  pipiens ;  petiolate  in  Hemerobius 
perla  ;  provided  with  diverging  processes  like  ears  in  Scatophaga 
putris,  to  prevent  their  sinking  too  deep  in  the  soft  dung  ;  provided 
with  a  special  adaptation  for  floating  in  some  aquatic  insects ;  with 
numerous  other  modifications. 

When  impregnation  has  taken  place,  the  germ  yolk  becomes  con- 
densed, as  in  the  Ascaris,  receding  a  little  from  the  vitelline  mem- 
brane at  its  poles.  The  impregnated  germ-cell  propagates  itself  at 
the  expense  of  part  of  the  yolk,  forming  an  oblong  germ-mass,  of  a 
hyaline  character,  and  corresponding  to  the  ventral  side  of  the  future 
embryo.  From  the  peripheral  part  of  this,  the  cell-progeny  extends 
until  the  whole  of  the  vitelline  mass  becomes  invested  by  a  stratum 
of  minute  and  nucleated  cells.  The  first  phases  of  development  have 
been  well  observed  by  Herold*  and  Kolliker:  the  latter  gives  the 
following  account  of  the  process  in  the  Chironomus  tricinctus.i  Tke 
*  CCXLI.  t  CCLXIV. 
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primordial  cells,  at  first  round>  and  provided  with  one  nucleoloa 
become  afterwards  elliptical,  and  generally  two  nucleoli  can  be  dis 
cerned  in  them  ;  afterwards  two  cells  exists  of  smaller  size  than  th^ 
parent  cell.  He  concludes,  that  this  fiasiparous  generation  of  ceU 
which  accords  with  that  observed  by  Siebold  and  Bagge  in  th^ 
Aacaris,  is  the  general  mode  of  their  multiplication  : — *'  Hsec  omnia, 
etsi  nunquam  cellulas  in  aliid  inclusas  ofiendi,  ne  ad  sententiam 
adducunt,  posteriores  a  prioribus  gigni,  ita  semper  hlnm  in  unaque 
celliila  matre  oriontur- 

The  vitelline  mass  becomes  elongated  and  Termiform^  and»  b| 
further  subdivision  and  coalescence  of  the  peripheric  stratum  of  thu 
derivative  germ-colls  ("  cambium  "  of  Herold),  a  transparent  integu* 
ment  is  formed,  like  that  in  the  Entozoon,  first  along  the  ventCAl 
aspect,  then  ascending  up  the  sidea  to  the  dorsal  aspect,  wluch  t« 
likewise  closed  in  by  the  reciprocally  approximating  folds  which 
cover  first  the  cephalic  and  then  the  caudal  segments.  The  portion 
of  the  germ-mass  remains  long  unchanged  in  the  anal  segment  of  the 
larva  of  the  bee.  No  part  of  the  yolk  can  be  properly  said  to  enter 
or  be  taken  into  the  body  of  an  insect.  It  never  was  out  of  the 
body  I  it  is  a  "  germ-yolk  ;"  and  forms  the  basis  of  the  future  body : 
there  is  no  appended  or  superadded  vitellus,  as  in  the  shark  or  bird* 
The  dirision  of  the  integument  into  the  thirteen  segments  commenced 
at  the  ventral  aspect,  which  is  convex,  the  vermiform  body  of  tho 
embryo  being,  at  first,  bent  backwards. 

In  the  capitate  larvce  the   entozoal  type  is  quickly  left  by  the^ 
cervical  constriction,  and  the  development  of  a  distinct  head,  which 
commences  by  the  formation  of  the  part  afterwards  retained  as  thej 
labrum.     The   mandibulie    and    antennae   next   appear    behind    the 
labrum  as  convex  lobes ;  and  the  part  of  the  head  in  the  lower  int^r-^ 
space  of  the  mandibles  forms  the  labium ;  the  raaxilliB  then  bud  forth  ' 
between  the  labium  and  the  mandibled.     The  median  fissure,  thus 
gnrrouuded  by  the  rudimental  trophic  sinks  deeper  into  the  substance 
of  the  headj  and,  meeting  a  slender  anterior  production  of  tlie  in- 
ternal vitelline  sac  or  cavity,  establishes  the  mouth  and  cesophagua. 
W  hilst  these  stages  are  in  progress,  the  peripheral  series  of  included 
vitelline   cells    have    undergone   a   series   of  spontaneous  fissions; 
whereby  the   remaining   mass    becomes   included  within  a  second 
stratum  or  cambium,  which,  by  coalescence  and  further  metamor-  < 
phoses  of  the  cells,  is  transformed  into  the  tunics  of  the  alimentaiy^ 
canal,  the  interspace  between  which  and  the  outer  integument  forms 
the  abdominal  cavity.     A  certain  proportion  of  the  vitellua,  not  in- 
eluded  in  the  ellipsoid  alimentary  canal,  has  undergone  transforma-l 
tions,  by  which  the  foundations  of  the  muscular  system,  the  ventral 
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nervous  chord,  and  the  dorsal  vessel,  are  laid.  An  attenuated  pos- 
terior prolongation  of  the  ellipsoid  vitelline  or  alimentary  sac  forms 
the  rectum,  and  opens  upon  the  thirteenth  segment. 

In  such  a  condition,  but  without  the  cephalic  and  trophal  develop- 
ments, the  entozoiform  larva  of  the  flesh-fly  is  bom  or  excluded  from 
the  parent :  in  a  similar  condition  the  larva  of  the  bee  and  of  the 
parasitic  Hymenoptera  quits  the  vermiform  ovum,  but  without  the 
external  communication  with  the  digestive  or  vitelline  sac  having 
been  established  at  the  posterior  extremity. 

In  some  Coleoptera  development  proceeds  to  the  formation  of  the 
appendages  of  the  head,  as  above  described,  and  a  capitate  but 
apodal  larva  is  excluded,  as  in  the  nut-weeviL 

In  other  Coleoptera,  as  the  DonacuB,  the  ventral  arcs  of  the 
second,  third,  and  fourth  segments  send  out  bulbous  rudiments  of 
the  thoracic  legs,  before  the  tergal  or  notal  elements  of  the  segments 
are  completed ;  the  abdomen  is  closed  above,  whilst  the  development 
of  the  extremities  has  proceeded  to  the  formation  of  obscure  joints 
and  terminal  hooks.  The  rudimental  palpi  begin  to  bud  from  the 
maxillae  and  labium;  the  mandibles  acquire  their  hard  terminal 
hooks,  and  closely  resemble  the  thoracic  feet.  In  this  state  the  larva 
is  excluded. 

At  an  earlier  period  the  simple  bulbous  antennae,  mandibles,  and 
maxillae,  indicate  three  cephalic  segments,  equal  in  size  and  dis- 
tinctness to  those  of  the  thorax.  The  maxillary  palpi,  the  labrum 
and  labium,  might  perhaps  be  regarded  as  indicative  of  three  other 
abortive  segments ;  and  if,  according  to  the  analogy  of  the  Crustacea, 
the  eyes  are  to  be  regarded  as  appendages  of  a  proper  segment, 
then  seven  cephalic  segments  may  be  reckoned,  although  three  only 
can  be  defined  by  observation  of  the  early  development  of  the  insect. 
The  malpighian  and  other  tubular  glands  result  from  juxtaposition  in 
a  linear  series  of  derivative  nucleated  germ-cells,  which  coalesce  by 
liquefaction  of  the  parts  of  the  cell-wall  in  contact  with  each  other, 
the  nuclei  remaining  longer  and  indicating  the  primitive  separation 
of  the  cells.  The  ovarian  tubes  have  appeared  to  me,  in  the  larva 
of  the  silkworm,  to  retain  the  primitive  series  of  nuclei  of  the  germ- 
cells  at  their  capillary  beginnings ;  whilst  coalescence  of  the  germ- 
cells  themselves,  has  taken  place  to  form  the  lower  part  of  the  tube : 
such  persistent,  primitive,  nuclei,  or  granules,  seem  to  form  the  basis 
for  the  formation  of  the  subsequent  ova. 

The  further  progress  in  the  development  of  the  Insect  cannot  be 
better  entered  upon  than  in  the  words  of  our  celebrated  entomolo- 
gists, Kirby  and  Spence,  to  whom  we  owe  the  most  useful  and  popular 
introduction  to  their  delightful  science.     They  say :  — 
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"  Woro  ft  natnmlisi  to  announce  to  tbe  world  the 
intmali  wlitcli  fur  thu  lint  five  yearfl  of  iti  life,  existed  in  Ube 
of  a  norpont  %  vrhkb  then,  penetrating  into  the  ^4irth,  mnd  weacri 
ithnmd  of  imri*  silk  of  the  fincut  tf*xturte,  contriicted  itself  w. 
till*  corning  inUi  n  bndy,  witboiit  extorual  mouth  or  Ltjnbs, 
»r*mhlin}f«  mom  tlian  iitiytldng  elDC^  an  E^ptian  niumni^:  aod  wl 
liutljr,  nftt'r  remaining  in  titts  utiitr  vritliout  fi>od  and  withoat 
for  thrpi>  foarji  Umgcr,  ^ltuuld»  at  ilie  end  of  that  period,  bqjul 
ullkc^n  tnn  iiioiit!*.  Atru^'glo  tlirough  its  eartldjr  coverir»g»  and 
into  da  J  a  winged  bird^  —  wliat  think  you  would  he  tlic 
oxcitod  by  thill  «trango  piece  of  intoUigenoe  ?  After  the  first 
of  it*   tnilh    wcru    di^peUcd»   what   ii>         '  Id   aiieoi 

Afnunp^^t  the  beamed,  what  narmiMja!  i\  I  [    Ai 

Ibft  Tulgnr,  vrbnt  ragnr  curio4ty  and  amaxeoieiit !  AU  would  h^ 
tert'fltod  in  ibo  blAtnry  of  «iueh  an  unUeard-of  phenomenon  i  even 
most  torpid  would  flock  to  the  sight  of  such  a  prodigy."* 

Now  a  tnnrvct  of  tbi«  kinil,  in  atl  its  ci^denttai  features,  ta  x 
fcttfHl  in  thin  country  undtT  a  thouaand  modifications*     Yoa 
wUmum  (t,  if  you  traci?  the  life  of  the  common  beetle  fVom  the 
watch  flio  iame  ooitr»»o  of  chnnpcs  in  Iho  silk^worm. 

Tbn  (Irnl  form  undor  wliich  in&ects  appear  after  quitting  the 
in  lialbul  tbn  /(in^n,  a  nanie  devised  by  Linn^nus,  to  signify, 
Imiii^nlh  tbi*  wonn«liko  or  anakc4ike  guise  there  was  maakei 
htghMr  form*  Tho  second  stage  is  the  pyf»a  or  ckryMilU  ;  and 
t}itrd  nntl  In^t  ^in\t<^  \n  the  mm^^  m  b^g  the  image  to  which  alt 
furUM^r  utit^t^ff  tiuidtuK 

Linnmiti  gariH  alao,  prcetjio  terms  to  the  different  conditions  of 
fav  ^  ^h^  tniect  i  and  theae  lemw  have  been  applied  hj  &( 

«nt<  to  characterifc  metunorplioaea  generally*    WKen 

taut  birvitl  «Uin  or  xbcnth  of  the  pupa  9ihows  no  si^s  whatever  of 
llmbii  or  rii>{tondngoi»  of  the  creature  within  it,  Linnieus  called 
"eiiari'lffto  pupa/*  When  the  pupa-case  shows*  as  if  by  a  kijii 
apulfifun'  in  ndiof.  the*  cbarnotcr  of  the  organs  beneath  it,  the  pi 
ii  ''tdilocted/'  Wlu'H  the  pupa  cas<^  forms  a  special  sheath  for 
Iho  projecting  parta  and  appendages^  the  pupa  is  "  incomplete*'* 

In  all  ini»oct^  the  development  of  tlie  embryo  proceeds^  with  a  i 
•oconilary  and  unim|H^rtant  xnoditlojition.s  in  the  order  which  haaj 
been  dc!«icribcd.  The  sub«iequi*nt  changes  of  the  insect  cooaiat  in 
growth  of  all  the  partj?,  -nbich  takca  place  chiefly  during  tlw  |ier 
erf  the  mnuh ;  and  in  the  gradual  arquisition  of  the  winga*  whlek 
d«yelopod,  dth«r  when  tbo  insect  has  reverted  to  the  passiT«  «l 
«nalogoui  to  that  of  the  orum,  a^  in  the  kinds  of  pupa  abnre  defio 
•  rcXI.  vot  I,  Utier  iii  p.  af. 
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or  without  their  development  being  attended  with  anj  loss  of  activity 
or  diminution  of  voracity,  as,  e,  g,  in  the  Hemiptera  and  Orthoptera. 

The  successive  states  of  an  apodal  worm,  of  a  worm  with  feet,  and 
of  one  with  feet  and  wings,  being  accompanied  likewise  with  the  ac- 
quisition and  perfection  of  the  antennal  and  visual  organs  of  sense, 
and  of  the  internal  and  external  organs  of  generation,  and  often  with 
great  changes  in  the  digestive,  muscular,  and  nervous  systems,  in  the 
development  of  one  and  the  same  insect,  have  been  emphatically 
termed  the  ''metamorphoses."  And  entomologists  availing  them- 
selves of  the  neat  definitions  of  the  pupae  by  Linnaeus,  have  defined 
various  kinds  of  metamorphoses  under  special  heads,  as  the  ''  coarc- 
tate,"  "  obtected,"  "  incomplete,"  "  semi-complete,"  and  "  complete  " 
metamorphoses. 

The  progress  of  the  insect  through  these  several  stages  being  in 
many  species  interrupted,  and  active  life  enjoyed  for  a  longer  or 
shorter  period  under  one  or  other  of  the  immature  forms,  these  have 
been  sooner  and  more  prominently  brought  nnder  the  notice  of  the 
naturalist,  than  if  they  had  been  to  be  sought  for,  as  in  the  bird  or 
mammal,  in  the  early  periods  of  the  development  of  the  minute 
embryo.  They  have  consequently  had  assigned  to  them  a  character 
of  singularity  and  exception  which  they  do  not  intrinsically 
deserve.  The  different  stages  of  development  have  been  likewise, 
for  the  most  part,  studied  only  in  the  instances  in  which  they  are 
manifested  by  insects  after  exclusion  from  the  egg^  and  thus  their 
minor  modifications  and  differences  have  attracted  more  attention 
than  their  essential  resemblances  and  relations  to  one  and  the  same 
type  and  course  of  development.  As  soon  as  the  young  insect 
breaks  through  the  egg-shell  it  is,  in  modern  Entomology,  a  larvtiy 
whatever  grade  of  development  it  may  have  attained  in  ovo :  during 
the  period  when  it  acquires  the  wings,  and  until  their  complete 
acquisition,  it  is  a  pupa. 

From  the  importance  which  has  been  assigned,  in  some  estimable 
entomological  treatises  and  classifications,  to  the  developmental 
changes  of  insects,  and  the  special  denominations  that  have  been 
multiplied  to  express  them,  you  might  suppose  the  *'  complete,"  the 
"  semi-complete,"  the  "  incomplete,"  the  "  obtected,"  and  "  coarctate  " 
metamorphoses,  to  be  different  degrees,  if  not  distinct  kinds  of  trans- 
formations. But  the  insects  which  are  said  to  be  subject  to  the 
semi-complete  and  incomplete  metamorphosis  pass  through  the  same 
kind  and  amount  of  change  as  those  characterised  by  the  obtected  or 
coarctate  pupa.  The  differences  resolve  themselves  essentially  into 
the  place  where,  and  the  time  in  which,  they  assume  and  quit  the 
vermiform  state. 

£  K    4 
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The  Oft  hop  te  reus  and  Hemipteroas  insects,  cbaracterifled 
entomology  by  a  semi -complete  metamorphosis,  are,  at  one  stage  < 
their  development^  apodal  and  acephalous  larvae,  like  the  maggot  < 
the  fly;  but  instead  of  quitting  the  egg  in  this  stage,  they  ar«' 
quickly  tranBfornied  into  another,  in  which  the  head  and  rudimental 
thoracic  feet  are  developed,  to  the  degree]  which  characteriseei  i 
hexapod  larvae  of  the  Carabi  and  Petalocera  ;  the  thorax  ia  nes 
defined,  and  the  parts  or  appendages  of  the  head  are  formed, 
which  stage  of  development  the  young  Orthopteran  corresponds  with 
the  hexapod  antenniferous  larva  of  the  Meloe  ;  but  it  difiers  fron 
all  Coleopterous  larv®  in  being  inactive  and  continuing  in  the  egg-^ 
almost  until  all  the  proportions  and  characters  of  the  mature  ins 
are  acquired,  save  the  wings. 

Oddly  enough  that  development  is  called  "  a  complete  meta 
phosis,"  which  is  permanently  arrested  at  the  stage  in  which  tb« 
orthopterons  insect  enters  life,  and  the  only  hexnpod  insects^  as  the 
apterous  CUnex  and  Pedlctdus,  in  which  the  metamorphosis  is  neve 
completed,  are  those  in  which  it  is  said  to  be  *•  complete/*  Bur 
meistert  however,  seems  to  be  the  only  entomologist  who  has  pointed^ 
out  the  inaccuracy  of  the  Fabriciao  definitions  ;  but  he  failed  to  fre»'5 
himself  from  the  thraldom  of  words  when  he  supposed  that;  in  the 
devebpment  of  any  insects,  there  was,  "properly  speaking,  no  change 
of  form,  but  merely  a  repeated  casting  off  of  the  exterior  skin."  * 

With  regard  to  the  terms  incomplete^  obtected,  and  coarctate,  they 
indicate,  in  fact,  comparatively  unimportant  modifications  of  the 
last  moulted  skin  of  the  larva  of  those  insects  which  are  torpid  or 
quiescent  at  the  pf»nod  of  the  development  of  the  wings.  In  the  be« 
and  beetle,  and  all  Hymenopterii  and  Vohopteraj  the  legs,  wings,  and 
antennae  bud  out  and  carry  with  them  processes  of  the  last  larva 
integument,  which  thus  forms  in  the  pupa  special  sheaths  for  each  ' 
growing  organ  of  sense  or  locomotion  in  the  perfect  insect,  and 
which  organs  are  therefore  comparatively  free,  although  the  pupit| 
be  quiescent.     Lamark  called  such  pupie  "MumitE." 

In  the  obtected  Lepidoptera  the  growing  wings,  antlia,  antennasyjj 
and  thoracic  legs  are  only  partially  covered  by  the  pupal  integument^ ' 
being  lodged  in  recesses  on   its  inner  surface,  which  make  corre- 
spondLng  projections  on  its  exterior,  where  their  form  and  position 
may  thus  be  recognised. 

In  the  coarctate  metamorphoeis  of  the  Dipiera^  the  larva  sheds  its  | 
last  skin  before  the  growing  legs  and  wings  hare  impressed  their] 
forms  upon  it»  and  the  exuvium  constitutea  an  egg-shaped  horny  case,  [ 
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upon  which  there  is  not  the  least  indication  of  the  parts  of  the  per- 
fect insect. 

Under  whatever  form  the  insect  be  excluded  from  the  egg^  if^we 
trace  its  development  further  back,  we  shall  find  that  the  tendency 
of  the  mysterious  multiplication^  coalescence,  arrangement,  and  trans- 
formation of  the  hyaline  nucleus  and  germ-cells  is  vermiform.  In  all 
insects  the  embryp  first  manifests  itself  as  an  apodal  smooth  Ento- 
zoon  ;  next  as  an  Annellide  of  thirteen  rings :  in  all  insects  the  first 
segment  is  quickly  modified,  and  the  mouth  established ;  and  in  this 
state  the  larva  is  excluded  in  some  insects,  as  the  bee  and  ^y^  without 
any  appendages  being  developed ;  and  in  the  bee  before  the  com- 
pletion of  the  intestinal  canal. 

The  maggots  of  the  order  Diptera  and  Hymenoptera  typify  the 
Entozoa ;  they  have  no  distinct  scaly  head,  and  no  thoracic  legs ; 
hence  they  have  been  termed  '*  vermilarves."  Those  of  the  Diptera 
and  of  the  IchneumonidcB  represent  the  parasitic  worms,  not  only  in 
structure,  but  in  habits ;  the  larvso  of  the  Gastorophili  called  *^  bots,** 
pass  that  stage  of  their  existence  in  the  alimentary  canal  of  higher 
animals.  The  larvsB  of  the  Aniharugia  canicularis  may  be,  in  like 
manner^  considered  as  entozoa  of  the  human  subject.  There  is  a 
breezc-fiy  (  CEstrus  hominis),  which  deposits  its  egg  beneath  the  inte- 
gument of  the  living  body,  and  its  larva  there  grows  and  flourishes 
like  the  Filaria  in  the  cellular  tissue.  The  larva  of  a  species  of 
Cuterebra  occasionally  finds  its  way  into  the  human  frontal  sinus. 
Other  vermilarves,  as  those  of  (Estrus  Bovis  and  (Est.  Tarandiy  are 
developed  beneath  the  integument  or  in  the  nasal  sinuses  of  the  Ru- 
minants indicated  by  their  specific  names.  I  know  not  to  what  other 
modes  of  animal  life  than  that  of  the  parasitic  Entozoa  we  can  com- 
pare the  habits  of  the  voracious  maggots  of  the  flesh-fly,  the  essential 
condition  of  whose  existence.is  the  putrid  flesh  of  higher  organised 
beings.  Here,  however,  the  development  of  helminthoid  larva  has 
been  beneficially  ordained  in  order  to  neutralise  the  noxious  effects  of 
the  otherwise  inevitable  processes  by  which  dead  animal  matter 
reverts  to  its  primitive  elements.  Insignificant,  indeed,  do  these 
larvas  seem  to  be  in  the  scale  of  nature,  yet  Linnseus  used  no  exag- 
geration ^hen  he  averred  that  three  flesh-flies  would  devour  the 
carcase  of  a  horse  as  quickly  as  would  a  lion.  The  assimilative 
power  is  so  great  in  the  meat-maggot,  that  it  will  increase  its  own 
weight  two  hundred  times  in  twenty-four  hours. 

But  the  developmental  energies  are  not  exhausted  by  the  rapid 
growth  of  the  larva ;  some  remain  to  be  exercised  in  the  formation 
of  the  now  and  peculiar  organs  which  entirely  change  the  form  and 
properties  of  the  creature.    For  this  exercise  they  usually  require 
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broodSt  and  each  of  these  larvie  repeats  the  process ;  and  it  may  be 
ugain  repeated  in  the  same  geometrical  ratio  until  a  number  which 
figares  only  can  indicate  and  language  almost  fails  to  express  is  the 
result.  The  Aphides  generated  from  virgin-parents,  by  this  process 
of  internal  gemmation^  are  as  countless  as  the  leaves  of  a  tree,  to 
which  they  are  in  some  respects  analogous. 

But  why,  it  may  be  asked,  should  there  be  this  strange  combination 
of  viviparous  generation  at  one  season  and  of  oviparous  generation 
at  another  in  the  same  insect  ?  The  viviparous  or  larvi parous  gene- 
ration effiects  a  multiplication  of  the  plant-lico  adequate  to  keep 
pace  with  the  rapid  growth  and  increase  of  the  vegetable  kingdom 
in  the  spring  and  summer.  No  sooner  is  the  weather  mild  enough 
to  etfect  the  Imtching  of  the  OTum  which  may  have  retained  its  vi- 
tality through  the  winter,  than  the  larva,  wltliout  having  to  wait  for 
the  acquisition  of  ita  mature  and  winged  form,  as  in  other  insects^ 
forthwith  begins  to  produce  a  brood,  as  hungry  and  insatiable,  and  as 
fertile  as  itself.  The  rate  of  increase  may  be  conceived  by  the  fol- 
lowing calculation  : — 

The  Aphis  tanigera  produces  each  year  ten  viviparous  broods*  and 
one  which  is  oviparous,  and  each  generation  averages  100  indi- 
viduals* 

1st  generation     1  aphis  produces 

hundred, 
ten  thousand, 
one  million, 
hundred  millions, 
ten  billions, 
one  trillion , 
hundred  triltions. 
ten  quatrillions. 
one  quintilllon. 

If  the  oviparous  generation  be  added  to  this  you  will  have  a  thirty 
times  greater  result. 

It  generally  happens  that  the  metamorphosis  sometimes  occurring 
after  the  seventh  or  eleventh  larviparoua  generation  takes  place 
much  earlier  in  the  case  of  some  of  the  thousandis  of  individuals  so 
propagated :  just  as  a  leaf-bud  near  the  root  may  develope  a  leaf- 
stem,  a  flower  and  seed-capsule,  with  much  fewer  antecedent  genera- 
lions  of  leaves  from  buds  than  have  preceded  the  formation  of  the 
flower  at  the  summit  of  the  plant ;  or  just  as  one  of  the  lower  and 
earlier  formed  digestive  polypes  may  push  out  a  bud  to  be  trans- 
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formed  into  an  ovarian  sac  and  a  generative  medusa.  The  analogy 
is  beautifully  and  closely  maintained  throughout. 

The  wingless  larval  aphides  are  not  very  locomotive ;  they  might 
have  been  attached  to  one  another  by  continuity  of  integument,  and 
each  have  been  fixed  to  suck  the  juices  from  the  part  of  the  plant 
where  it  was  brought  forth.  The  stem  of  the  rose  might  have  been 
incrusted  with  a  chain  of  such  connected  larvse  as  we  see  the  stem  of 
a  fucus  incrusted  with  a  chain  of  connected  polypes,  and  only  the  last 
developed  winged  males  and  oviparous  females  might  have  been  set 
free.  The  connecting  medium  might  even  have  permitted  a  common 
current  of  nutriment  contributed  to  by  each  individual  to  circulate 
through  the  whole  compound  body.  But  how  little  of  anything 
essential  to  the  animal  would  be  effected  by  cutting  through  this 
hypothetical  connecting  and  vascular  integument  and  setting  each 
individual  free  I  If  we  perform  this  operation  on  the  compound  zoo- 
phyte, the  detached  polype  may  live  and  continue  its  gemmiparous 
reproduction.  This  is  more  certainly  and  constantly  the  result  in 
detaching  one  of  the  monadiform  individuals  which  assists  in  com- 
posing the  seeming  individual  whole  called  ''vol vox  globator;"  and 
so,  likewise,  with  the  leaf-bud.  And  this  liberation  Nature  has 
actually  performed  for  us  in  the  case  of  the  Aphis,  and  she  thereby 
plainly  teaches  us  the  true  value  or  signification  in  morphology  of 
the  connecting  links  that  remain  to  attach  together  the  different 
gemmiparous  individuals  of  the  volvox,  the  zoophyte,  and  the 
plant.* 

The  phenomena  of  parthenogenesis  have  not  been  manifested  in 
any  articulate  animal  of  higher  organisation  than  insects  :  they  cease 
at  a  lower  grade  of  the  parallel  series  of  the  molluscous  invertebrata. 
In  some  lepidopterous  insects,  which  have  been  supposed  to  have  the 
faculty  of  producing  fertile  eggs  without  sexual  intercourse,  closer 
observation  has  shown  the  mistake  to  have  arisen  from  the  unusual 
circumstances  under  which  the  act  of  impregnation  takes  place.  This 
is  the  case  with  the  moths  of  the  genus*/%ycAe,  which  the  German 
entomologists  call  "sac-trager"  from  the  remarkable  cases  or  sacs 
which  the  larvse  inhabit  The  true  state  of  the  case  has  been  ex- 
plained by  the  observations  of  Von  Scheven  and  Siebold.f  The 
females  of  these  moths  never  acquire  wings,  but  develope  their  ova 
under  a  grade  of  metamorphosis  very  little  beyond  that  of  the  larval 
state.  The  larvse  which  become  females  fabricate  an  entirely  different 
cocoon  from  that  of  the  larvae  which  become  males,  and  the  sexes  of 
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8nch  larvae  tire  readily  diatinguiahoble  by  such  cocoons.  Von  Scbeven 
sediidod  one  of  these  virgin  female  larva:  of  tbe  P^t/che  vestiia,  and 
found  that  she  laid  only  barren  eggs- 

The  female  larva9  of  certain  species  of  Pt/ache  live  quite  separate 
from  the  males  on  peculiar  feeding  localities.     When  about  to  become 
piipoe,  most  of  the  cocoon-bearers  leave  those  localities,  and  attach  the 
mouth  of  the  cocoon  to  branches  of  trees,  t<i  stones,  or  rocks.    Before 
becoming  pupie,  the  grub  turns  itself  in  the  cocoon,  and  brings  its  head  I 
opposite  the  hinder  or  lower  free  opening  of  the  cocoon.    The  femal©  ] 
pupae  manifest  very  little  motion,  but  remain  passive  at  the  upper  | 
end  of  the  sac,  by  which  it    is  suspended;  whilst  the  active  male 
pupfe  protrude  their  thorax  from  the  lower  opening  of  the  cocoon 
shortly  before  emerging  as  the  perfect  moth.     The  almost  apodal 
maggot-shaped   females  cast   their  pupa-skin  without  quitting  the  | 
cocoon  ;  they  wait»  in  the  hinder  or  lower  free  end  of  the  cocoon, 
the  approach  of  the  male,  which  accomplishes  the  act  without  ever  | 
seeing  the  female  of  his  choice. 

The  male  Psyche  has  not  the  penis  of  any  remarkable  length,  but 
he  is  able  to  elongate  considerably  the  abdomen  ;  the  akin  of  that  part 
is  soft  and  extensible  ;  ho  inserts  tlie  abdomen  into  the  hinder  open- 
ing of  the  female  cocoon,  and  brings  the  external  genitals  into  con- 
nexion with  the  copulatory  canal  of  the  female.  After  the  coitua^ 
the  female,  which  has  no  ovipositor,  pushes  herself  back  again  into 
the  east  pupa-akin,  and  there  oviposits.  Also»  if  such  a  female, 
awaiting  the  male,  be  disturbed  at  the  closed  end  of  the  cocoon,  she 
returns  and  betakes  herself  wholly  within  her  old  shed  pupa-skin. 
In  the  allied  genus  TultEporia^  the  larviform  females  emerge  from 
the  hinder  aperture  of  their  short  cocoon,  and  creep,  by  means  of 
their  well-developed  legs,  to  the  under  side  of  the  cocoon  ;  the  gene* 
pative  act  being  performed  in  open  day.  These  females  have  a  long 
ovipositor,  and  by  means  of  it  they  fill  their  old  pupa-skin  with  the 
impregnated  ova*  The  procreant  female  of  Psyche  is  maggot-shaped, 
has  no  fully-developed  legs,  no  articulate  antennfe,  nor  distinct  eyesi 
neither  has  she  a  trace  of  an  ovipositor;  the  last  abdominal  segment 
consists  only  of  a  short  fleshy  cylinder,  on  which  a  short  oviduct 
opens.  The  colleterium  is  a  double  pjrriform  glandular  sac,  with  & 
short  common  duct,  A  sperm atheca  communicates,  by  a  short  con- 
voluted duct,  with  the  common  vagina,  which  has  tw^o  lateral  fleshy 
folds,  and  is  connected  ivith  a  round  bursa  copulatrix,  with  thin  and 
delicate  walls. 

Such  accessories  to  the  fiabelHform  ovaria  and  short  oviducts  of 
the  Psyche  are  of  themselves  sufficient  to  show  that  her  ova  are 
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destined  to  be  impregnated.  The  idea  that  the  females  of  this  genua 
of  moth  were  parthenogenetic  would,  however,  naturally  arise  from 
observation  of  insulated  facts  in  the  singular  series  of  her  generative 
processes.  Our  science  ever  presents  a  picture  of  truth  evolving 
itself  by  slow  degrees  from  the  misapprehensions  of  observers.  An 
entomologist  collecting  thei  female  Psyche  in  her  unusually  early 
arrested  stage  of  metamorphoses,  and  without  cognisance  of  the 
singular  mode  of  impregnation,  would  at  first  conclude,  from  the 
analogy  of  other  moths,  that  she  was  a  virgin  pupa ;  and,  keeping 
her  carefully  insulated,  would  be  astounded  by  her  abundant  pro- 
duction of  fertile  ova.  Or,  if  ignorant  of  the  peculiar  place  of  her 
natural  oviposition,  he  might  well  mistake  the  shed  pupa-case,  filled 
with  fertile  eggs,  for  an  actual  pupa  in  which  such  eggs  had  been 
developed. 

There  are  many  striking  and  beautiful  manifestations  of  instinctive 
prescience  in  the  modes  of-  oviposition,  and  in  the  location  and 
attachment  of  the  ova.  Observe  the  actions  of  the  common  white 
butterfly.  Her  food  is  the  nectar  of  flowers ;  but,  after  impregna- 
tion, she  flits  about  with  a  purpose  quite  distinct  from  anything 
connected  with  the  act  of  supplying  herself  with  nutriment :  if  the 
plant  suitable  to  the  food  of  the  larvso  to  be  developed  from  her  eggs 
happen  to  be  within  the  range  of  her  flight,  it  will  soon  be  seen  what 
her  object  is.  The  larvae  of  most  Lepidoptera  infest,  and  can  only 
be  nourished  properly  by,  the  leaves  of  particular  plants :  thus,  the 
mulberry  is  suitable  to  the  silk-worm,  and  the  cabbage  to  the  Pieris 
brassica;  when  that  commonest  of  our  butterflies  has  found  the  cab- 
bage, she  has  attained  the  end  of  her  quest,  and  proceeds  to  the  work 
of  oviposition. 

But  a  more  striking  illustration  is  found  in  the  ichneumon-fly, 
which  is  remarkable  for  the  great  length  of  the  anal  appendages. 
Her  food,  also,  is  nectar ;  but  her  chief  occupation  in  crossing  over 
the  leaves  of  trees  and  plants,  after  being  impregnated,  is  to  discover 
the  larva  that  may  be  lurking  in  the  bend  of  the  folded  leaf,  pre- 
paratory to  its  change  into  the  pupa-state.  The  ichneumon,  by 
means  of  her  peculiarly  long,  sharp,  and  slender  ovipositor,  pierces 
the  skin  of  the  larva,  and  in  spite  of  its  writhing  and  the  ejection 
of  an  acrid  fluid,  she  succeeds  in  introducing  the  instrument,  and, 
by  divaricating  the  two  parts  of  the  sheath,  makes  a  little  canal  by 
which  the  ova  are  transmitted  and  lodged  under  the  skin:  she 
then  flies  off  to  seek  another.  Sometimes  the  female  ichneumon, 
when  she  has  found  a  larva,  seems  to  take  no  notice  of  it ;  and,  in 
that  case,  it  has  been  found  that  another  ichneumon  has  previously 
oviposited  there,  and,  by  some  peculiar  sense,  she  ascertains  that 
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there  is  no  room  for  more  ova»  or  not  foor]  enough  for  ench  whc 
hatched.  After  the  ichneumon  has  deposited  the  ova,  she  plaster 
over  the  wound  with  the  coUeterial  6ecr*:tion. 

Jn  the  insects  of  the  genus  C^nipg,  which  arc  nearly  allied  to  thd 
ichneumons,  the  female  has  an  ovipositor  vary  similar)/  modified;  theij 
pUce  for  ovi position  i»  the  leaves  of  trees ;  and  the  ova  excite  an 
action  in  the  cellular  tissue  of  the  leaf,  which  results  in  the  forroatioit^ 
of  a  warm  and  nutritions  bed  for  the  larvie*     The  products  called 
**  nut-gall^  "*   result  from  such  a  procedure  of  the  Qpups    Qucrcu 
In  an  insect  allied  to  Aphis,  the  Chcrmes^  or  Psi/Ua  abietis^  the  last 
ftCt  of  the  oviparous  female,  at  the  close  of  summer,  is  to  deposit  he 
ova  in  the  rudimentary  leAvea  of  the  fir-tree ;  when  the^  leave%1 
Inatead  of  growing  to  the  length  of  the  others,  become  thickened,  and  ^ 
are  converted,  bj  the  irritation  of  the  ora  of  the  Cbermes,  into  i 
acriea  of  cells  of  a  compact  structure-     In  the  Hunterian  preparationj 
(No.  2972)  a  section  has  been  removed,  showing  the  cavities  con-, 
taining  the  larvje.     In  another  preparation  (No.  2975)  is  a  specimen^ 
of  the  article  in  the  old  Materia  Medica,  called  "  Bedeguar/*     It  is  a  i 
twig  of  the  common  wild  rose,  from  the  end  of  which  a  tuft  of  inossjJ 
fibres  baa  shot  out,  in  consequence  of  the  irritation  induced  by  the 
preaenoe  of  the  ova  and  larvae  of  the    Cynips  Rosa.     Hunter  has 
made  a  section  of  this  monstrous  growth,  exposing  several  of  the 
ntdamental  cavities  and  their  small  white  larvaEs* 

In  the  gad-fly  {€S$trus  hovh)  the  ovipositor  is  like  a  telescope, 
terminated  by  boring  instruments  ;  by  means  of  these  the  integument 
of  the  ox  18  perforated,  and  the  ^^g  is  then  deposited  underneath  the 
skin  ;  a  peculiar  kind  of  inflammation  is  set  up»  followed  by  hyper«  j 
trophy  and  condensation  of  the  cellular  tissue,  and  in  the  nidus  thus] 
produced  the  larvte  are  developed-     In  the  Bot-cestnis  ( Gasteropki'  \ 
im  equi)  the  ova  are  destined  to  be  incubated  in  the  alimentary  canal 
of  the    horse ;    and   one  might    wonder   how   their   passage   could  i 
bo  insured  into  such  a  locality*     The  instinct  of  the  female  impolsl 
her  to  attach  the  ova  to  the  hair  of  those  parts  of  the  body  which  is 
roost  readily  reached  by  the  horse^s  lipa  or  tongue ;  the  irritation 
of  the  attached  ova  excites  the  action^  and  so  they  ere  picked  or  j 
licked  off  and  swallowed. 

Many  insects  deposit  their  eggs  in  the  earth,  and  the  females  of 
such  are  provided  with  instruments  for  digging.  In  the  preparations 
of  the  Locust  (No.  3166  H  3168),  they  ore  seen  to  consist  of  two  hard 
elongated  valves ;  these,  in  close  juxtaposition,  are  thrust  into  the 
fiarth,  like  the  gardener's  dibble  ;  the  valves  are  then  separated  by 
muscles*  and  the  eggs  are  protrudetl  along  the  interspace  and  depo* 
sited  like  seeds  in  the  ground.     Tlie  analogous  part  in  the  bee  is  thai 
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which  forms  the  sting,  and  this,  as  the  defensive  instrument  of  the 
nursing  female,  has  a  certain  relation  to  the  well-being  of  the  young. 
Many  insects  not  only  provide  the  germ  with  the  nutritive  vitelline 
mass,  or  the  material  for  the  first  development  of  the  embryo,  (i^ 
indeed,  the  parent  can  be  said  to  be  concerned  in  that  supply  which 
is  the  result  rather  of  a  series  of  spontaneous  fissions  with  an  inherent 
power  of  assimilation  of  the  primitive  germ-cell  itself,)  but,  in  some 
cases,  the  parent  having  selected  a  fit  place  for  the  deposition  of  her 
precious  burthen,  continues  the  maternal  office  by  placing  near  the 
ovum  the  kind  of  food  which  the  larva  will  necessarily  require  in 
order  to  complete  its  growth. 

Some  insects,  as  bees  and  ants,  feed  the  larvaa ;  supply  them  with 
the  required  food  from  time  to  time,  as  nurses  satisfy  the  cravings  of 
a  child ;  but  these  cares  seldom  devolve  upon  the  mother  in  the  insect 
class :  they  are  performed  by  a  distinct  race  of  individuals,  of  the 
feminine  sex,  but  incapable  themselves  of  exercising  the  procreative 
faculty. 

The  mother  ear-wig,  however^  attends  to  and  broods  over  her  eggs 
during  the  whole  period  of  larval  development,  turning  them  and  re- 
moving them  from  place  to  place,  according  as  the  locality  may 
happen  to  be  of  the  required  warmth  or  moisture. 

The  forms  of  the  eggs  of  insects  are  very  variable :  often  beautiful 
and  regular,  like  the  seeds  of  plants;  sometimes  very  singular; 
always  perfectly  adapted  to  the  required  conditions  for  the  develop- 
ment of  the  future  insect*  The  eggs  are  cylindrical  in  Bombyx 
everia  ;  conical,  with  tuberculate  ribs,  in  Pontia  napi  ;  hemispherical 
in  Bamhyx  dumeH;  lenticular  in  Noctuapsi;  cup-shaped  in  Orgyia 
antiqua;  flask-shaped  in  Culex  pipiens ;  petiolate  in  Hemerobius 
perla  ;  provided  with  diverging  processes  like  ears  in  Scatophaga 
putrisy  to  prevent  their  sinking  too  deep  in  the  soft  dung  ;  provided 
with  a  special  adaptation  for  floating  in  some  aquatic  insects ;  with 
numerous  other  modifications. 

When  impregnation  has  taken  place,  the  germ  yolk  becomes  con- 
densed, as  in  the  Ascaris,  receding  a  little  from  the  vitelline  mem- 
brane at  its  poles.  The  impregnated  germ-cell  propagates  itself  at 
tlie  expense  of  part  of  the  yolk,  forming  an  oblong  germ-mass,  of  a 
hyaline  character,  and  corresponding  to  the  ventral  side  of  the  future 
embryo.  From  the  peripheral  part  of  this,  the  cell-progeny  extends 
until  the  whole  of  the  vitelline  mass  becomes  invested  by  a  stratum 
of  minute  and  nucleated  cells.  The  first  phases  of  development  have 
been  well  observed  by  Herold*  and  Kolliker:  the  latter  gives  the 
following  account  of  the  process  in  the  Chironomus  tricinctusA  The 
*  CCXLI.  t  CCLXIV. 
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primordial  cells,  at  first  round,  and  provided  with  one  nucleolaa,' 
become  afterwards  elliplicaJ,  and  generally  two  nucleoli  can  be  dis- 
cerned in  them  ;  afterwards  two  cella  eidst,  of  smaller  size  than  thoJ 
parent  cell.     lie  concludes,  that  this  iissiparous  generation  of  cella^l 
which  accords  with  that  observed  by   Siebold    and  Bagge  in   th€ 
Ascari%  is  the  general  mode  of  their  multiplication  : — **  Hasc  omnia^l 
ct^si   nunquam   cellulua  in  all  is  inclusas   offendij  ne  ad  sententiamj 
adducunt,  posteriores  a  prioribus  gigni,  ita  semper  binee  in  nnaqu6 
cellula  ma  ire  oriantur. 

The  vitelline  mass  becomes  elongated   and  vermiform,  and,  bj 
further  subdivision  and  coalescence  of  the  peripheric  stratum  of  iho 
derivative  germ-cells  (**  cambium  **  of  Herold),  a  ti^ansparent  intogu- 
ment  is  formed,  like  that  in  the  Entozoon,  first  along  the  vent^l 
aspect,  then  ascending  up  the  sides  to  tlie  dorsal  aspect,  which  ia] 
likewise  closed  in  by  the  reciprocally  approximating  folds  which! 
cover  first  the  cephahc  and  then  the  caudal  segments.     The  portion 
of  the  germ -mass  remains  long  unchanged  in  the  anal  segment  of  the 
larva  of  the  bee.     No  part  of  the  yolk  can  be  properly  said  to  enter 
or  be  taken  into  the  body  of  an  insect.     It  never  was  out  of  the 
body:  it  is  a  "  germ-yolk  ;"  and  forms  the  basis  of  the  future  body : 
there  is  no  appended  or  superadded  vitellus,  as  in  the  shark  or  bird*  | 
The  division  of  the  integument  into  the  thirteen  segments  commences  ' 
at  the  ventral  aspect,  which  is  convex,  the  vermiform  body  of  tho 
embryo  being,  at  first,  bent  backwards. 

In  the  capitate  larvce  the  entozoal  type  is  quickly  left  by  thdj 
cervical  constriction,  and  the  development  of  a  distinct  head^  which  j 
commences  by  the  formation  of  the  part  afterwards  retained  as  the] 
labrum.     The   mandibular    and    antennae   next   appear    behind    thej 
labram  aa  convex  lobes ;  and  the  part  of  the  head  in  the  lower  inter-^ 
apace  of  the  mandibles  forms  the  labium :  the  maxillae  then  bud  forth 
between  the  labium  and  the  mandibles*     The  median  fissure,  thus 
surrounded  by  the  rudimental  trophi,  sinks  deeper  into  the  substance 
of  the  head,  and,  meeting  a  slender  anterior  production  of  the  in- 
ternal vitelline  sac  or  cavity,  establishes  the  mouth  and  cEsophaguSi 
"Whilst  these  stages  are  in  progress,  the  peripheral  series  of  included 
vitelline   cells    have    undergone   a  series  of  spontaneous   fissions ;  ' 
whereby  the  remaining  mass    becomes    included  within  a  second 
stratum  or  cambium,  which,  by  coalescence  and  further  metamor-  ^ 
phoaes  of  the  cells,  is  transformed  into  the  tunics  of  the  ahmentary 
canal,  the  interspace  between  which  and  the  outer  integument  forma 
the  abdominal  cavitj.     A  certain  proportion  of  the  viteUus,  not  in- 
cluded in  the  ellipsoid  alimentary  canal,  has  undergone  transforma- 
tions, by  which  the  foundations  of  the  muscular  system,  the  ventral 
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nervous  chord,  and  the  dorsal  vessel,  are  laid.  An  attenuated  pos- 
terior prolongation  of  the  ellipsoid  vitelline  or  alimentary  sac  forms 
the  rectum,  and  opens  upon  the  thirteenth  segment. 

In  such  a  condition,  but  without  the  cephalic  and  trophal  develop- 
ments, the  entozoiform  larva  of  the  flesh-fly  is  bom  or  excluded  from 
the  parent :  in  a  similar  condition  the  larva  of  the  bee  and  of  the 
parasitic  Hjmenoptera  quits  the  vermiform  ovum,  but  without  the 
external  communication  with  the  digestive  or  vitelline  sac  having 
been  established  at  the  posterior  extremity. 

In  some  Coleoptera  development  proceeds  to  the  formation  of  the 
appendages  of  the  head,  as  above  described,  and  a  capitate  but 
apodal  larva  is  excluded,  as  in  the  nnt-weeviL 

In  other  Coleoptera,  as  the  Danacue^  the  ventral  arcs  of  the 
second,  third,  and  fourth  segments  send  out  bulbous  rudiments  of 
the  thoracic  legs,  before  the  tergal  or  notal  elements  of  the  segments 
are  completed ;  the  abdomen  is  closed  above,  whilst  the  development 
of  the  extremities  has  proceeded  to  the  formation  of  obscure  joints 
and  terminal  hooks.  The  nidimental  palpi  begin  to  bud  from  the 
maxillae  and  labium;  the  mandibles  acquire  their  hard  terminal 
hooks,  and  closely  resemble  the  thoracic  feet.  In  this  state  the  larva 
is  excluded. 

At  an  earlier  period  the  simple  bulbous  antennse,  mandibles,  and 
maxillae,  indicate  three  cephalic  segments,  equal  in  size  and  dis- 
tinctness to  those  of  the  thorax.  The  maxillary  palpi,  the  labrum 
and  labium,  might  perhaps  be  regarded  as  indicative  of  three  other 
abortive  segments ;  and  if,  according  to  the  analogy  of  the  Crustacea, 
the  eyes  are  to  be  regarded  as  appendages  of  a  proper  segment, 
then  seven  cephalic  segments  may  be  reckoned,  although  three  only 
can  be  defined  by  observation  of  the  early  development  of  the  insect. 
The  malpighian  and  other  tubular  glands  result  from  juxtaposition  in 
a  linear  series  of  derivative  nucleated  germ-cells,  which  coalesce  by 
liquefaction  of  the  parts  of  the  cell-wall  in  contact  with  each  other, 
the  nuclei  remaining  longer  and  indicating  the  primitive  separation 
of  the  cells.  The  ovarian  tubes  have  appeared  to  me,  in  the  larva 
of  the  silkworm,  to  retain  the  primitive  series  of  nuclei  of  the  germ- 
cells  at  their  capillary  beginnings ;  whilst  coalescence  of  the  germ- 
cells  themselves,  has  taken  place  to  form  the  lower  part  of  the  tube : 
such  persistent,  primitive,  nuclei,  or  granules,  seem  to  form  the  basis 
for  the  formation  of  the  subsequent  ova. 

The  further  progress  in  the  development  of  the  Insect  cannot  be 
better  entered  upon  than  in  the  words  of  our  celebrated  entomolo- 
gists, Kirby  and  Spence,  to  whom  we  owe  the  most  useful  and  popular 
introduction  to  their  delightful  science.     They  say :  — 
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"  Were  a  naturnlist  to  announce  to  the  world  tbe  dlscoveiy  o1 
Biiimal^  which  (or  thu  first  five  years  of  its  life,  existed  in  the  for 
of  a  serpent ;  which  then»  penetrating  into  tlie  earth,  and  wearing 
fihroud  of  pure  silk  of  the  finest  texture,  contracted  itself  with 
this  covering  into  a  bodj,  without  external  mouth  or  linihs,  and  r 
semblin^,  more  than  anything  else,  an  Egyptian  mummy;  and  whio 
lastly,  after  remaining  in  tbis  state  without  food  and  without  motii 
for  three  years  longer,  should,  at  the  end  of  that  period,  burst  i 
silken  cerements,  struggle  through  its  earthly  covering,  and  ata 
into  day  a  winged  bird,  —  what  think  you  would  be  the  sonsatk 
excited  by  this  strange  piece  of  intelligence  ?  After  the  first  doob 
of  its  truth  were  dispelled,  what  astonishment  would  Bucceei 
Amongst  the  learned,  what  surmises  I  what  investigations!  I  Among 
the  vulgar,  what  eager  curiosity  and  amazement  I  All  would  be  il 
terested  in  the  history  of  such  an  unheard-of  phenomenon  ;  even  t| 
most  torpid  would  flock  to  the  sight  of  such  a  prodigy."  * 

Now  a  marvel  of  this  kind,  in  all  its  essential  features,  is  man 
fested  in  this  country  under  a  thousand  modifications.  You  wi 
wiiliess  it,  If  you  trace  the  life  of  the  common  beetle  from  the  eg^j  < 
watch  the  same  course  of  changes  in  the  silk-worm. 

The  lirst  form  under  which  insects  appear  after  quitting  the  ovnB 
id  called  the  larva^  n  name  devised  hy  Linnfous,  to  signify,  thi 
beneath  this  worm-like  or  snake-like  guise  there  was  masked 
higher  form.  The  second  stage  is  the  pupa  or  chrysalis  ;  and  tb 
third  and  la^t  stage  is  the  imago^  as  being  the  image  to  which  all  tb 
former  stages  tended. 

Linnsens  gave,  also,  precise  terms  to  the  different  conditions  of  th 
pupa  state  of  the  insect ;  nnd  the^jc  terms  have  been  applied  by  som 
entomologiats  to  characterize  metamorphoses  generally.  When  tla 
last  larval  skin  or  sheath  of  the  pupa  shows  no  signs  w^hatever  of  tl 
limbs  or  appendages  of  the  creature  within  it,  Linnseus  called  It 
**  coarctate  pupa."  When  the  pupa-case  shows,  as  if  by  a  kind  { 
sculpture  in  relief,  the  character  of  the  organs  beneath  it,  the  pup 
is  "  obtected."  \Mien  the  pupa  case  forms  a  special  sheath  for  a 
the  projecting  parts  and  appendages^  the  pupa  is  "  incomplete*** 

In  all  insects  the  development  of  the  embryo  proceeds,  with  a  fei 
secondary  and  unimportant  modifications,  in  the  order  which  has  jui 
been  described*  The  subsequent  changes  of  the  insect  consist  in  til 
growtli  of  all  the  parts,  w^hich  takes  place  chiefly  during  the  perio 
of  the  moult;  and  in  the  gradual  acquisition  of  the  wings,  which  U 
developed,  eitlier  when  the  insect  has  reverted  to  t!»e  passive  stai 
analogous  to  that  of  the  ovum,  as  in  the  kinds  of  pupa  above  defij 
•  CtHLI.  vol.  i.  l^ter  iii.  \\  59, 
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or  without  their  development  being  attended  with  any  loss  of  activity 
or  diminution  of  voracity,  as^  e,  g.  in  the  Hemiptera  and  Orihoptera, 

The  successive  states  of  an  apodal  worm,  of  a  worm  with  feet,  and 
of  one  with  feet  and  wings,  being  accompanied  likewise  with  the  ac- 
quisition and  perfection  of  the  antennal  and  visual  organs  of  sense, 
and  of  the  internal  and  external  organs  of  generation,  and  often  with 
great  changes  in  the  digestive,  muscular,  and  nervous  systems,  in  the 
development  of  one  and  the  same  insect,  have  been  emphatically 
termed  the  '' metamorphoses."  And  entomologists  availing  them- 
selves of  the  neat  definitions  of  the  pupae  by  Linnasus,  have  defined 
various  kinds  of  metamorphoses  under  special  heads,  as  the  *'  coarc- 
tate,"  "  obtected,"  "  incomplete,"  "  semi-complete,"  and  "  complete  " 
metamorphoses. 

The  progress  of  the  insect  through  these  several  stages  being  in 
many  species  interrupted,  and  active  life  enjoyed  for  a  longer  or 
shorter  period  under  one  or  other  of  the  immature  forms,  these  have 
been  sooner  and  more  prominently  brought  nnder  the  notice  of  the 
naturalist,  than  if  they  had  been  to  be  sought  for,  as  in  the  bird  or 
mammal,  in  the  early  periods  of  the  development  of  the  minute 
embryo.  They  have  consequently  had  assigned  to  them  a  character 
of  singularity  and  exception  which  they  do  not  intrinsically 
deserve.  The  di£ferent  stages  of  development  have  been  likewise, 
for  the  most  part,  studied  only  in  the  instances  in  which  they  are 
manifested  by  insects  after  exclusion  from  the  egg^  and  thus  their 
minor  modifications  and  differences  have  attracted  more  attention 
than  their  essential  resemblances  and  relations  to  one  and  the  same 
type  and  course  of  development.  As  soon  as  the  young  insect 
breaks  through  the  egg-shell  it  is,  in  modem  Entomology,  a  larvOy 
whatever  grade  of  development  it  may  have  attained  in  ovo :  during 
the  period  when  it  acquires  the  wings,  and  until  their  complete 
acquisition,  it  is  a  pupa. 

From  the  importance  which  has  been  assigned,  in  some  estimable 
entomological  treatises  and  classifications,  to  the  developmental 
changes  of  insects,  and  the  special  denominations  that  have  been 
multiplied  to  express  them,  you  might  suppose  the  '^  complete,"  the 
"  semi-complete,"  the  "  incomplete,"  the  "  obtected,"  and  "  coarctate  " 
metamorphoses,  to  be  different  degrees,  if  not  distinct  kinds  of  trans- 
formations. But  the  insects  which  are  said  to  be  subject  to  the 
semi-complete  and  incomplete  metamorphosis  pass  through  the  same 
kind  and  amount  of  change  as  those  characterised  by  the  obtected  or 
coarctate  pupa.  The  differences  resolve  themselves  essentially  into 
the  place  where,  and  the  time  in  which,  they  assume  and  quit  the 
vermiform  state. 
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brooils,  and  each  of  these  larvse  repents  the  process ;  and  it  may ' 
ngnin  repeated  in  the  same  geometrical  ratio  until  a  number  which 
figures  only  can  indicate  and  language  almost  fails  to  express  is  the 
result.  The  Aphides  generated  from  virgin-parents,  by  this  process 
of  internal  gemmation,  arc  as  countless  as  the  leaves  of  a  tree,  to 
which  they  are  in  some  reppect.s  analogous. 

But  why,  it  may  be  asked,  should  ihire  be  this  strange  combination 
of  viviparous  generation  at  one  season  and  of  oviparous  generation 
at  another  in  the  same  insect?  The  viviparous  or  larviparous  gene- 
ration effects  a  multiplication  of  the  plant-lice  adequate  to  keep 
pace  with  the  rapid  growth  and  increase  of  the  vegetable  kingdom 
in  the  spring  and  summer.  No  sooner  is  the  weather  mild  enough 
to  effect  the  hatching  of  the  ovura  which  may  have  retained  its  vi- 
tality through  the  winter,  than  the  larva,  without  having  to  wait  for 
the  acquisition  of  its  mature  and  winged  form,  as  in  other  insects^ 
forthwith  begins  to  produce  a  brood,  as  hungry  and  insatiable,  and  as 
fertile  as  itself.  The  rate  of  increase  may  b€  conceived  by  the  fol* 
lowing  calculation  :  — 

The  ApkU  lanigera  produces  each  year  ten  viviparous  broods,  and 
one  which  is  oviparous,  and  each  generation  averages  100  indi- 
viduals. 

1st  generation     1  aphis  produces 


2d 

100 

hundred- 

3d 

10,000 

ten  thousand. 

4th 

1,000,000 

one  million. 

5th 

100,000,000 

hundred  millions* 

6th 

10,(X)(>,000,000 

ten  billions. 

7th 

1,000,000,000,000 

one  trillion. 

8th 

100,tX)0,000,fX)0,000 

hundred  trillions. 

9th 

10,000,000,000,000,000 

ten  quutrillions. 

lOtb 

1,000,000,000,000,000,000 

one  quintillion. 

If  the  oviparous  generation  be  added  to  this  you  will  have  a  thirty 
times  greater  result. 

It  generally  happens  that  the  metamorphosis  sometimes  occurring 
aAer  the  seventh  or  eleventh  larviparous  generation  takes  place 
much  earlier  in  the  case  of  some  of  the  thousands  of  Lodividuals  so 
propagated :  just  as  a  leaf-bud  near  the  root  may  develope  a  leaf- 
stem,  a  flower  and  seed-capsule,  with  much  fewer  antecedent  genera- 
tlons  of  leaves  from  buds  than  have  preceded  the  formation  of  the 
flower  at  the  summit  of  the  plant ;  or  just  as  one  of  the  lower  and 
earlier  formed  digestive  polypes  may  push  out  a  bud  to  be  trans- 
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formed  into  an  ovarian  sac  and  a  generative  medusa.  The  analogy 
is  beautifully  and  closely  maintained  throughout. 

The  wingless  larval  aphides  are  not  very  locomotive ;  they  might 
have  been  attached  to  one  another  by  continuity  of  integument,  and 
each  have  been  fised  to  suck  the  juices  from  the  part  of  the  plant 
where  it  was  brought  forth.  The  stem  of  the  rose  might  have  been 
incrusted  with  a  chain  of  such  connected  larvs  as  we  see  the  stem  of 
a  fucus  incrusted  with  a  chain  of  connected  polypes,  and  only  the  last 
developed  winged  males  and  oviparous  females  might  have  been  set 
free.  The  connecting  medium  might  even  have  permitted  a  common 
current  of  nutriment  contributed  to  by  each  individual  to  circulate 
through  the  whole  compound  body.  But  how  little  of  anything 
essential  to  the  animal  would  be  effected  by  cutting  through  this 
hypothetical  connecting  and  vascular  integument  and  setting  each 
individual  free !  If  we  perform  this  operation  on  the  compound  zoo- 
phyte, the  detached  polype  may  live  and  continue  its  gemmiparous 
reproduction.  This  is  more  certainly  and  constantly  the  result  in 
detaching  one  of  the  monadiform  individuals  which  assists  in  com- 
posing the  seeming  individual  whole  called  ^' vol  vox  globator;"  and 
so,  likewise,  with  the  leaf-bud.  And  this  liberation  Nature  has 
actually  performed  for  us  in  the  case  of  the  Aphis,  and  she  thereby 
plainly  teaches  us  the  true  value  or  signification  in  morphology  of 
the  connecting  links  that  remain  to  attach  together  the  different 
gemmiparous  individuals  of  the  volvox,  the  zoophyte,  and  the 
plant.* 

The  phenomena  of  parthenogenesis  have  not  been  manifested  in 
any  articulate  animal  of  higher  organisation  than  insects  :  they  cease 
at  a  lower  grade  of  the  parallel  series  of  the  molluscous  invertebrata. 
In  some  lepidopterous  insects,  which  have  been  supposed  to  have  the 
faculty  of  producing  fertile  eggs  without  sexual  intercourse,  closer 
observation  has  shown  the  mistake  to  have  arisen  from  the  unusual 
circumstances  under  which  the  act  of  impregnation  takes  place.  This 
is  the  case  with  the  moths  of  the  genua* JPsychey  which  the  German 
entomologists  call  ^^sac-trager"  from  the  remarkable  cases  or  sacs 
which  the  larvs  inhabit.  -  The  true  state  of  the  case  has  been  ex- 
plained by  the  observations  of  Von  Scheven  and  Siebold.f  The 
females  of  these  moths  never  acquire  wings,  but  develope  their  ova 
under  a  grade  of  metamorphosis  very  little  beyond  that  of  the  larval 
state.  The  larvse  which  become  females  fabricate  an  entirely  different 
cocoon  from  that  of  the  larvee  which  become  males,  and  the  sexes  of 
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iuch  tarvw  are  readily  diatinguisliable  by  such  cocoons.  Von  Sclieven 
nvlud*f4  one  of  tlicse  virgin  female  larrs  of  the  Ptt/cfte  vestiia^  and 
found  that  »hc  laid  only  barren  eggs. 

The  female  larvie  of  certain  species  of  I^scke  live  quite  separate 
from  the  innles  on  peculiar  feeding  localities.  When  about  to  become 
ptipie,  most  r»f  the  cocoon -bearers  leave  those  localities,  and  attach  the 
mouth  of  the  cocoon  to  brandies  of  trees,  to  stones,  or  rocks.  Before 
becoming  pupa*,  the  grub  tarns  itself  in  the  cocoon,  and  brings  its  head 
oppo(»itt*  the  hinder  or  lower  free  opening  of  the  cocoon.  The  female 
pu|MB  manifest  very  little  motion,  but  remain  passive  at  the  upper 
end  of  the  sac,  by  which  it  is  suspended ;  whilst  the  active  male 
pupir  protrude  their  thorax  from  the  lower  opening  of  the  cocoon 
shortly  before  emerging  as  the  perfect  moth.  The  almost  apodal 
tnai^t-shaped  females  cast  their  pupa-skin  without  quitting  the 
eoooon  ;  ihey  waif,  in  the  hinder  or  lower  free  end  of  the  cocoon, 
the  approach  of  the  male,  which  accomplishes  the  act  without  ever 
iceing  the  female  of  his  choice. 

The  male  Psyche  has  not  the  penis  of  any  remarkable  length,  but 
he  is  able  to  elongate  considerably  the  abdomen  ;  the  skin  of  that  part 
Is  soft  and  extensible ;  he  inserts  llie  abdomen  into  the  hinder  open- 
log  uf  the  female  cocoon,  and  brings  the  external  genitals  into  con- 
n  ex  ion  with  the  copulatory  canal  of  the  female.  After  the  coitus, 
the  female^  which  has  no  ovipositor,  pushes  herself  back  again  into 
the  cast  pupa-skin,  and  there  oviposits.  Also,  if  such  a  ftfmale, 
awaiting  the  male,  be  disturbed  at  the  closed  end  of  the  cocoon,  she 
r<iturna  and  betakes  herself  wholly  within  her  old  sihed  pupa*skin. 
In  the  allied  genus  Talttporiat  the  larviform  females  emerge  from 
the  hinder  aperture  of  their  short  cocoon,  and  creep,  by  means  of 
their  well-developed  legs,  to  the  under  side  of  the  cocoon  ;  the  gene- 
mtive  act  being  performed  in  open  day.  These  females  have  a  long 
ovipositor,  and  by  means  of  it  they  BU  their  old  popa-skixi  with  the 
impregnated  ova.  Tlie  procreant  female  of  Psf/dte  is  maggot-shaped, 
has  no  fully -developed  legs,  no  articulate  antenna?,  nor  distinct  eyes  j 
neither  has  she  a  trace  of  an  ovipositor;  the  last  abdominal  segment 
consists  only  of  a  short  fleshy  cylinder,  on  which  a  short  oviduct 
opens.  The  colleterium  is  a  double  pyriform  glandular  sac,  with  a 
abort  common  duct.  A  spermatlieca  communicates,  by  a  short  con- 
voluted duct,  with  the  common  vagina,  which  has  two  lateral  fleshy 
folds,  and  is  connected  with  a  round  bursa  copulatrix,  with  thin  and 
delicate  walls. 

SucJi  accessories  to  the  flabelliform  ovaria  and  short  oviducts  of 
iho  Pstfche  are  of  themselves  sufficient  to  show  that  her  ova  are 
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destined  to  be  impregnated.  The  idea  that  the  females  of  this  genus 
of  moth  were  parthenogenetic  would,  however,  naturally  arise  from 
observation  of  insulated  facts  in  the  singular  series  of  her  generative 
processes.  Our  science  ever  presents  a  picture  of  truth  evolving 
itself  by  slow  degrees  from  the  misapprehensions  of  observers.  An 
entomologist  collecting  the.  female  Psyche  in  her  unusually  early 
arrested  stage  of  metamorphoses,  and  without  cognisance  of  the 
singular  mode  of  impregnation,  would  at  first  conclude,  from  the 
analogy  of  other  moths,  that  she  was  a  virgin  pupa ;  and,  keeping 
her  carefully  insulated,  would  be  astounded  by  her  abundant  pro- 
duction of  fertile  ova.  Or,  if  ignorant  of  the  peculiar  place  of  her 
natural  oviposition,  he  might  well  mistake  the  shed  pupa-case,  filled 
with  fertile  eggs,  for  an  actual  pupa  in  which  such  eggs  had  been 
developed. 

There  are  many  striking  and  beautiful  manifestations  of  instinctive 
prescience  in  the  modes  of  oviposition,  and  in  the  location  and 
attachment  of  the  ova.  Observe  the  actions  of  the  common  white 
butterfly.  Her  food  is  the  nectar  of  flowers ;  but,  after  impregna- 
tion, she  flits  about  with  a  purpose  quite  distinct  from  anything 
connected  with  the  act  of  supplpng  herself  with  nutriment :  if  the 
plant  suitable  to  the  food  of  the  larvs  to  be  developed  from  her  eggs 
happen  to  be  within  the  range  of  her  flight,  it  will  soon  be  seen  what 
her  object  is.  The  larvsB  of  most  Lepidaptera  infest,  and  can  only 
be  nourished  properly  by,  the  leaves  of  particular  plants :  thus,  the 
mulberry  is  suitable  to  the  silk-worm,  and  the  cabbage  to  the  Pieris 
brassica;  when  that  commonest  of  our  butterflies  has  found  the  cab- 
bage, she  has  attained  the  end  of  her  quest,  and  proceeds  to  the  work 
of  oviposition. 

But  a  more  striking  illustration  is  found  in  the  ichneumon-fly, 
which  is  remarkable  for  the  great  length  of  the  anal  appendages. 
Her  food,  also,  is  nectar ;  but  her  chief  occupation  in  crossing  over 
the  leaves  of  trees  and  plants,  after  being  impregnated,  is  to  discover 
the  larva  that  may  be  lurking  in  the  bend  of  the  folded  leaf,  pre- 
paratory to  its  change  into  the  pupa-state.  The  ichneumon,  by 
means  of  her  peculiarly  long,  sharp,  and  slender  ovipositor,  pierces 
the  skin  of  the  larva,  and  in  spite  of  its  writhing  and  the  ejection 
of  an  acrid  fluid,  she  succeeds  in  introducing  the  instrument,  and, 
by  divaricating  the  two  parts  of  the  sheath,  makes  a  little  canal  by 
which  the  ova  are  transmitted  and  lodged  under  the  skin:  she 
then  flies  ofl*  to  seek  another.  Sometimes  the  female  ichneumon, 
when  she  has  found  a  larva,  seems  to  take  no  notice  of  it ;  and,  in 
that  case,  it  has  been  found  that  another  ichneumon  has  previously 
oviposited  there,  and,  by  some  peculiar  sense,  she  ascertains  thai 
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there  is  no  room  for  more  ora,  or  not  foo^  onongh  for  such  when 
halclied.     After  the  iclmeamon  has  deposited  the  ova,  she  plaslera . 
over  the  wound  with  the  coUet^rial  secrttion. 

In  the  insects  of  the  genus  Cynips^  which  are  nearly  allied  to  the ' 
ichuoumons,  the  female  has  an  OTipositor  very  similarly  modified;  their 
place  for  ovi position  is  ilie  leaves  of  trees  ;  and  the  ova  excite  an] 
action  in  the  ccllalar  tissue  of  the  leaf,  which  results  in  the  fonnation] 
of  a  warm  and  nutritions  hed  for  the  larvje.     The  products  called] 
•*  nnt-gtiUs  **   result  from  such  a  procedure  of  the  Cynips    Qitereu 
In  an  insect  allied  to  Aphis^  the  Chermcs^  or  Psylla  ahietis,  the  tastJ 
act  of  the  oviparous  female,  at  the  close  of  summer,  is  to  deposit  her  j 
ova  in  the  rudimentary  leaves  of  the  fir-tree;  when  these  leaves^! 
instead  of  growing  to  the  length  of  the  others,  become  thickened,  and  \ 
aro  converted,  by  the  irritation  of  the  ova  of  the  Chermes,  into  a 
Be r lea  of  cells  of  a  compact  structure.     In  the  Ilnnterian  preparation  j 
(No.  2972)  a  section  has  been  removed,  showing  the  cavities  con- 
taining the  larvje.     In  another  preparation  (No.  2975)  is  a  specimen 
of  the  article  in  the  old  Materia  Medica,  called  *'  Bedegnar.*'     It  is  a  j 
twig  of  the  common  wild  rose,  from  the  end  of  which  a  tuft  of  mossy  1 
fibrea  has  shot  out,  in  consequence  of  the  irritation  induced  by  the 
presence   of  the  ova  and  larvae  of  the    Cymps  Jionte,     Hunter  has 
made  a  section  of  this  monstrous  growth,  exposing  seTeral  of  the 
nidaraental  cavities  and  their  small  white  larvae. 

In  the  gad-fly  ((Esfms  bams)  the  ovipositor  is  like  a  telescope,] 
terminated  by  boring  inetruments  ;  by  means  of  these  the  integument  1 
of  the  ox  is  perforated,  and  the  egg  is  then  deposited  underneath  the  J 
ekjn;  a  peculiar  kind  of  inflammation  is  set  up,  followed  by  hyper- [ 
trophy  and  condensation  of  the  cellular  tissue,  and  in  the  nidus  thus] 
produced  the  larvae  are  developed.     In  the  Bot-cestrus  {Gaslerophi^ 
im  equi)  the  ova  are  destined  to  he  incubated  in  the  alimentary  canal 
of  the   horse ;    and   one  might   wonder   how   their   passage   could 
be  insured  into  such  a  locality.     The  instinct  of  the  female  impels  1 
her  to  attach  the  ova  to  the  hair  of  those  parts  of  the  body  wliich  is 
most  readily  reached  by  the  horse's  lips  or  tongue  ;  the  irritation 
of  the  attached  ova  excites  the  action,  and  so  they  are  picked  or 
licked  off  and  swallowed. 

Many  insects  deposit  their  eggs  in  the  earth,  and  the  females  of 
such  are  provided  with  instruments  for  digging.  In  the  preparations 
of  the  Locust  (No.  3166  &  3168X  they  are  seen  to  consist  of  two  Imrd 
elongated  valves;  these^  in  close  juxtaposition,  are  thrust  into  the 
earth,  like  the  gardeners  dibble ;  the  valves  are  then  separated  by 
muscles,  and  the  eggs  are  protruded  along  the  interspace  and  depo-  j 
sited  like  seeds  in  the  ground.     Tlte  analogous  part  in  the  bee  is  that  I 
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which  forms  the  sting,  and  this,  as  the  defensive  instrument  of  the 
nursing  female,  has  a  certain  relation  to  the  well-being  of  the  young. 
Many  insects  not  only  provide  the  germ  with  the  nutritive  vitelline 
mass,  or  the  material  for  the  first  development  of  the  embryo,  (if, 
indeed,  the  parent  can  be  said  to  be  concerned  in  that  supply  wliich 
is  the  result  rather  of  a  scrips  of  spontaneous  fissions  with  an  inherent 
power  of  assimilation  of  the  primitive  germ-cell  itself,)  but,  in  some 
cases,  the  parent  having  selected  a  fit  place  for  the  deposition  of  her 
precious  burthen,  continues  the  maternal  ofilce  by  placing  near  the 
ovum  the  kind  of  food  which  the  larva  will  necessarily  require  in 
order  to  complete  its  growth. 

Some  insects,  as  bees  and  ants,  feed  the  larvss ;  supply  them  ivith 
the  required  food  from  time  to  time,  as  nurses  satisfy  the  cravings  of 
a  child ;  but  these  cares  seldom  devolve  upon  the  mother  in  the  insect 
class :  they  are  performed  by  a  distinct  race  of  individuals,  of  the 
feminine  sex,  but  incapable  themselves  of  exercising  the  procreative 
faculty. 

The  mother  ear-wig,  however,  attends  to  and  broods  over  her  eggs 
during  the  whole  period  of  larval  development,  turning  them  and  re- 
moving them  from  place  to  place,  according  as  the  locality  may 
happen  to  be  of  the  required  warmth  or  moisture. 

The  forms  of  the  eggs  of  insects  are  very  variable :  often  beautiful 
and  regular,  like  the  seeds  of  plants;  sometimes  very  singular; 
always  perfectly  adapted  to  the  required  conditions  for  the  develop- 
ment of  the  future  insect.  The  eggs  are  cylindrical  in  Bombyx 
everia  ;  conical,  with  tuberculate  ribs,  in  Pontia  napi  ;  hemispherical 
in  Bomhyx  dumeH;  lenticular  in  NoctHapsi;  cup-shaped  in  Orgyia 
antiqua;  fiask-shaped  in  Ctdex  pipiens ;  petiolate  in  Hemerobius 
perla  ;  provided  with  diverging  processes  like  ears  in  Scatophaga 
putris,  to  prevent  their  sinking  too  deep  in  the  soft  dung  ;  provided 
with  a  special  adaptation  for  floating  in  some  aquatic  insects ;  with 
numerous  other  modifications. 

When  impregnation  has  taken  place,  the  germ  yolk  becomes  con- 
densed, as  in  the  Ascaris,  receding  a  little  from  the  vitelline  mem- 
brane at  its  poles.  The  impregnated  germ-cell  propagates  itself  at 
the  expense  of  part  of  the  yolk,  forming  an  oblong  germ-mass,  of  a 
hyaline  character,  and  corresponding  to  the  ventral  side  of  the  future 
embryo.  From  the  peripheral  part  of  this,  the  cell-progeny  extends 
until  the  whole  of  the  vitelline  mass  becomes  invested  by  a  stratum 
of  minute  and  nucleated  cells.  The  first  phases  of  development  have 
been  well  observed  by  Herold*  and  Kolliker:  the  latter  gives  the 
following  account  of  the  process  in  the  Chironomus  tricinctus.f   Tke 
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Order  Neuroptera.     (Mu^-fltes,  Dragon-flies.) 

Four  iringa,  membranous,  veined  with  numerous  reticulate  ni-l 
vure5.     Larva?  hexapod,  unlike  imago ;  in  many  aquatic* 

Families  Phryganidm,  Sialidtr,  IlemembidtBf  MtfrmeUonida^  Tt\ 
mitid(B^  Haphidiadifj  PafiorptdtB^  Manthpidm^  Ephemerid^e^  lAbe 
iulid^E. 

Order  Ortbopter^.     (Crickets,  Cockroaches.) 

Four  wings  ;  the  first  pair  coriaceous,  nerved  ;  second  pair  fold 
fan-wise,  longitudinally,     Larva3  like  imiigo,  save  in  Wanting  wings»; 

Families  Farficulid^y  PtoddtB^  AcrUUdm,  Achetid^^  Pha^mid^ 
Mantidce^  Blattidm* 

Order  Coleoptera.     (Beetles.) 

Four  wings;   the  first  pair  elytra,  or  hard  covers  to  the  an3 

wings,  which  are  folded  transversely  when  so  protected.     Larvee  vei 

miform,  hoxnpod  in  most, 

A*  Pehtjmejlu       Five  joints  in  all  the  tarsi.     Families  Cicinds 

lid(Bj    Carabidcp^    Hydrocanthari^    SracA 

elytra^  Bi/prestidfFt  Elatt'ridfe^  Ola  vie 

Hydroph didir^  Ln  m eUicornes. 

B.  HETSROMEitA,     Five  joints  in  the  four  anterior  tnrsi,  four  joini 

in  the  last  tarsi*    Families  BlupsidcB,  Ten4 

brionidtr^  Taxicornes^   CuteUdm^  3/eloida 

C    TsTRAMERj,       Four  disllnct  joints  in  all  the  tarsi.     Familie 

Hhyncaphoridts,  CurcuHonidi^j  Xylophnyt 

Cerand^ycidiB^  Chrysomelidie^  CoccintlUda 

Pselaphidte, 
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There  remains  one  class  of  articulate  animals  to  be  considered  in 
our  present  ascending  survey  of  the  animal  kingdom,  and  which, 
therefore,  you  will  conclude  to  be  the  highest  organised  of  tha 
homogangliate  Invcrtcbrata.  Yet  the  species  which  are  group 
together  under  the  name  Arachmda  never  acquire  wings  :  some  \ 
parasitic,  many  terrestrial,  and  a  few  aquatic ;  there  are  species 
however,  that,  notwithstanding  their  apterous  condition,  can  rise  andj 
float  through  the  air,  which  they  effect  in  a  manner  analogous  td 
our  aeronauts,  by  manufacturing,  and  suspending  themselves  to, 
foreign  substance  light  enough  to  he  buoyed  up  and  wafted  along  by 
the  atmospheric  currents.     Ttie  animals  to  whlch^l  allude,  and  whoso 
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nervous  chord,  and  the  dorsal  vessel,  are  laid.  An  attenuated  pos- 
terior prolongation  of  the  ellipsoid  vitelline  or  alimentary  sac  forms 
the  rectum,  and  opens  upon  the  thirteenth  segment. 

In  such  a  condition,  but  without  the  cephalic  and  trophal  develop- 
ments, the  entozoiform  larva  of  the  flesh-fly  is  bom  or  excluded  from 
the  parent :  in  a  similar  condition  the  larva  of  the  bee  and  of  the 
parasitic  Hymenoptera  quits  the  vermiform  ovum,  but  without  the 
external  communication  with  the  digestive  or  vitelline  sac  having 
been  established  at  the  posterior  extremity. 

In  some  Coleoptera  development  proceeds  to  the  formation  of  the 
appendages  of  the  head,  as  above  described,  and  a  capitate  but 
apodal  larva  is  excluded,  as  in  the  nut-weevil. 

In  other  Coleoptera,  as  the  DonacuB^  the  ventral  arcs  of  the 
second,  third,  and  fourth  segments  send  out  bulbous  rudiments  of 
the  thoracic  legs,  before  the  tergal  or  notal  elements  of  the  segments 
are  completed ;  the  abdomen  is  closed  above,  whilst  the  development 
of  the  extremities  has  proceeded  to  the  formation  of  obscure  joints 
and  terminal  hooks.  The  rudimental  palpi  begin  to  bud  from  the 
maxillae  and  labium;  the  mandibles  acquire  their  hard  terminal 
hooks,  and  closely  resemble  the  thoracic  feet.  In  this  state  the  larva 
is  excluded. 

At  an  earlier  period  the  simple  bulbous  antennas,  mandibles,  and 
maxillae,  indicate  three  cephalic  segments,  equal  in  size  and  dis- 
tinctness to  those  of  the  thorax.  The  maxillary  palpi,  the  labrum 
and  labium,  might  perhaps  be  regarded  as  indicative  of  three  other 
abortive  segments ;  and  if,  according  to  the  analogy  of  the  Crustacea, 
the  eyes  are  to  be  regarded  as  appendages  of  a  proper  segment, 
then  seven  cephalic  segments  may  be  reckoned,  although  three  only 
can  be  defined  by  observation  of  the  early  development  of  the  insect. 
The  malpighian  and  other  tubular  glands  result  from  juxtaposition  in 
a  linear  series  of  derivative  nucleated  germ-cells,  which  coalesce  by 
liquefaction  of  the  parts  of  the  cell-wall  in  contact  with  each  other, 
the  nuclei  remaining  longer  and  indicating  the  primitive  separation 
of  the  cells.  The  ovarian  tubes  have  appeared  to  me,  in  the  larva 
of  the  silkworm,  to  retain  the  primitive  series  of  nuclei  of  the  germ- 
cells  at  their  capillary  beginnings ;  whilst  coalescence  of  the  germ- 
cells  themselves,  has  taken  place  to  form  the  lower  part  of  the  tube : 
such  persistent,  primitive,  nuclei,  or  granules,  seem  to  form  the  basis 
for  the  formation  of  the  subsequent  ova. 

The  further  progress  in  the  development  of  the  Insect  cannot  be 
better  entered  upon  than  in  the  words  of  our  celebrated  entomolo- 
gists, Kirby  and  Spence,  to  whom  we  owe  the  most  useful  and  popular 
introduction  to  their  delightful  science.     They  say :  — 
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in  the  perfect  ovifiarous  females  haa  appendages  called  spermathl 
and  colleteriuin  ;  and  Reaumur  might  have  even  appealed  to  the 
microscope  in  support  of  hta  idea,  for  he  might  have  detected,  by  its 
aid,  spermatozoa  in  the  spermatbeca.  But  this  would  not  have  proved 
the  hermaphroditic  structure ;  for  the  spermatheca  receives  the  intro- 
mtttent  organ  of  the  male,  pnd  retains  the  semen  in  store  for  tlie  f^uc- 
cesaive  impregnation  of  the  ova  as  they  pass  out;  the  ova  at  the  stime 
lime  being  coated  by  the  adhesive  and  protective  matter  of  the  collete* 
rium.  These  appendages  of  the  vagina  are  found  in  most  oviparous 
insects  j  and  the  true  male  Aphis  is  as  well  known  now  as  that  of  any 
other  species  of  insect.  Moreover,  it  is  found  that  the  viviparous  virgin 
larv£e  of  the  Aphkles  have  not  got  a  trace  of  thoae  appendages  of  the 
Tagina,  which  Reaumur  supposed  to  be  male  organs.  They  were  not 
required  in  her  mode  of  generation,  and  are  not  developed.  The  germ- 
cell  already  exists  in  her,  with  sufficient  spermatic  and  plastic  force  for 
its  development ;  no  eemeD^  therefore,  w&s  required  to  be  retained, 
and  there  is  no  spermatheca  :  the  embryonic  development  is  completed 
m  Hterot  ^tid  no  secretion  for  the  protective  covering  of  ova  waa 
needed.  The  structures,  therefore,  which  Reanmur,  under  a  miscon- 
ception of  their  nature,  cited  in  order  to  solve  tlie  problem  of  the 
alleged  virgin  procreation,  are  present  only  in  that  perfect  form  of 
Aphis  where  no  such  phenomena  are  manifested. 

Leon  Dufour,*  whose  extent  of  research  and  comparison  of  the 
generative  organs  of  insects  led  him  to  a  true  appreciation  of  the 
nature  and  function  of  the  appendages  to  the  female  organs  of  the 
oviparous  Aphides,  referred  the  phenomena  of  the  generation  of 
the  larvi parous  Aphides  to  **  spontaneous  or  equivocal  generation/* 
Now,  if  we  consider  what  we  actually  learn  from  these  words, — that 
the  larv®  produced  by  the  virgin  Aphides  are  produced  by  **  spon- 
taneous^* or  equivocal  generation, — it  will  seem  to  be  little  more 
than  another  mode  of  stating  the  fact.  The  condition  or  mode  of 
the  fact,  the  phenomena  rendering  it  possible,  are  not  explained  by 
thera ;  M*  L6on  Dufour,  however,  meant  to  record  his  belief  in  a 
hypothetical  mode  of  generation,  in  which,  as  he  expresses  it,  "the 
act  of  impregnation  was  in  no  degree  concerned.*'  Having  detected 
the  male  Aphis,  and  well  scrutinized  the  f^tructure  of  its  organs* 
having  witnessed  the  coitus  with  the  winged  female,  and  carefully 
excluded  the  male  in  repeating  the  observations  and  experiments  of 
Bonnet,  M.  Dufour  sati:^lied  himself,  and  a^irmed,  that  impregnation 
had  no  share  whatever  in  the  phenomena  of  the  development  of  the 
larval  aphis  in  the  body  of  another  virgin  larval  aphis. 
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Whh  rtrxri  to  the  hvpDtlhn»:«  of  spontaneous  g«ntfntiun,  thi^ 
re*so<&5  vb>di  hire  led  me  to  concur  with  nio:«t  p!iy4ii)I«>«;i:it!«  iif  t!u< 
present  dar  in  rvj^nrting  it  were  fullj  givm  in  a  tormiT  C<iur«i'  of 
Liecinres  on  tLe  *u^■j'*ct  of  Generation.  an«i  t?vi»rv  ox;irt  ijI'-mtv -.1111111 
and  expferiment  subdei^nentlr  recorded  serve  to  rtfmier  cliut  liv{}i}. 
thesis  lfr»  tenable  and  more  gratuitou:>. 

Professor  Morren,  a  companitiTeIr  recent  and  vtiry  ''xairt  nhHtTv-r 
of  the  ana  torn  J  and  generative  economy  uf  tiie  Aphuivs.  rfiaiiiini; 
the  hjpothesis  of  spontaneood  generation  ad  it  had  \w^^n  ifipiiiil  ti» 
the  Entoioa,  propoanded,  thon^rh  not  without  rrservi*.  a  thiMinr  tluit 
the  larval  aphides  were  developed  in  the  bo«i/  of  ihif  virziii  pnn-ni. 
like  Entosoa,  ^bj  the  individualLiution  ot  a  previoiuiy  •irz.-uiinfti 
tissne."  Now  here  al:so  is  a  piirade  whic:h,  when  (he  mfaninsr  ■•!  't 
is  analysed,  does  little  more  than  ezpreas  rhe  uJii  tarta  :ii  i  hkw  vrny. 
When  a  larval  aphis  is  developeii.  a  new  indiviiiiiai  -'x;.«r.<4 :  n  'liii-r 
wordSy  it  has  been  '^individualiseti :"  imi.  :»  nntinn'^  ••an  -•>»-.•'  -^it 
of  nothings  it  mo&t  have  been  bv  th>?  infiiv.iinaii-aii'.n  .1  i  ir-v.  :!-*iv 
existing  something.  The  qai«ry.n  to  t>^  *iiveii  .^.  »[..it  •  I.^f 
something,  and  what  has  happ^^wd  to  that  ••omethir'^  -n  .n:i)*''  -^ 
individualisation  under  the  torn  -it  a  larval  aphi-j  pr.^jaibif.  in.!  -'.n- 
ceivable  by  us  accordin?  to  ih-t  known  analogies  .-it"  or !,#*]■  -mhr--  nii* 
developments  or  indivMuali^adona  ?  That  w-iiiiij  ^  .|,p  .vr.ijtrj^- 
tion  of  which  we  are  in  quest, — an  explanatinn  T,,j„rf  ,^  ^r  .-  !.^*f 
which  we  are  able  to  give,  tor  example,  -^f  'Iim  f#.-  ..jr.r.r,.....f  »'  -r. 
ordinarily  impregnated  ovum;  aniJ.  hy  rli*;  i»- .,  ..j  ,,.,».,/  ♦'  0 
essential  condition  of  the   di^v*«l«.pmHtif   .n     1...      ^ ,  ,.     ..^,  ..     ... 

that  condition  in  the   impr«*2:" »♦••'!  o"  ir#.     •..,..»...     »       -   ', 

advance  of  knowlftdgft  of  rhr.  '■♦p-'niion    .»'..*,.     ..^.  .     .       .  '..  ,^ 
applied  to  it. 

When,  how»?v<-r,  \f.  M^^rf-f^  41TI.-,,.    '.>'«.. 
COmmt!  «!hr;z  qiJi«.|/|i|/'<  p^r.  •/•//....  .  .*     ,^.«    •     .. 

pri'co(h!Miiiir;fit  or^^iii.. '/"."'.#••,.. /.--        ..^,.. 
one  hiiH  <tv<rr  t^^u  ■•  ;•,»   .^^    .#'  -   .,.. 
or  oth<;r  orj/.irjje#./S  «....>    «..    -, .     -..  .• 

zoom:  fiuoh  u  \ii*i*A,e.t.    .*--,.■.,,. 
conhirit:*;  willi  o'/w  j  •«/'.  ;/..      , 
the   ahhlrart.      Ju    k^    t  ^^u.  '    V  , 
rou.i  \\\ii-V"A\\A  tA-l.r  tA  ••..•,.. 
can   prodij'-<-  n'/i-.n.y   i'/,--*     •    ^ 
which    j;n>«lu<;i,-    ui<-    ••.'.;•-..'. 
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Before  eotering  npon  the  anatomy  of  the  typicttl  forms  of  the 
Arachniday  a  few  remarks  may  be  premised  on  another  low-organised 
member  of  the  clasg»  which,  on  account  of  its  remarkable   power  of 
retaining  life,  and  reviving  after  some  years'  complete  desiccation,  haa^ 
received  the  generic  name  of  MacTchiottu,  This  mi n ate  and  peculiarlj 
shaped  mite,  in  which  the  hinder  rudi mental  legs  come  off  from  th6 
abdomen,  was  discovered  by  Eichhom  in  1767  *,  and  was  described  bj 
him  under  the  name  of  "  water-bear"  (wasser-baer),    Cortt,  in  1774f| 
recounted  its  power  of  returning  to  life  after  being  dried.     It  is  no 
uncommonly  found  in  the  gutters  of  the  roofs  of  continental  houses  | J 
It  crawls  along  the  sediment  like  a  tortoise,  and  was  grouped   bji 
SpalunzaniJ  with  the  Rotifers,   under  the  name  of  "  tardigradeJ 
OchoFred.  Miiller§  first  detected  its  true  relationship  with  the  mil 
It  ia  subject  to  many  moults  and  oviposits  in  its  exari^  whieK  ' 
the  integument  is  chitinous,   is  long  preserved  from  decay.     Thel 
transparency  of  the  skin  is  such,  in  the  living  animal,  as  to  show  a 
complicated  muacular  system  beneath*  the  ultimate  fibre  of  which  is 
smooth.     Tlie  nervous  system  consists  of  four  ganglia,  corresponding 
with  the  four  segments  of  the  body ;  there  is  no  superoesophageal 
ganglion.     The  mouth  is  suctorial,  situated  at  the  end  of  a  retractile 
proboscis,  on  each  side  of  which  are  two  tooth-like  styles,  —  the  rudi^ 
ments  of  lateral  jaws.     The  stomach  is  oblong,  occupying  a  larg 
portion  of  the  body,  and  is  divided  by  numerous  constrictions  int 
irregularly  disposed  cseca ;  their  walls  are  provided  with   hepat 
cells.     Near  the  mouth  are  two  large  lobulated      l<*3 
glands,  that  seem  to  bo  salivary.     No  traces  of 
respiratory  organs  Imve  yet  been  found  ;  and  tlie 
respiration  in    Macrobiotm^   as    in   Demodex^ 
must  be  cutaneous. 

In  acme  of  the  small  and  parasitic  tracheary 
Arachnids  or  mites,  certain  pairs  of  legs  are 
tcrminat4?d  by  adhesive  suckers,  and  others  arc 
occasionally  terminated  by  setoe,  as  in  the  itch- 
mit«  (Sarcaptes  Galei^Jig.  163.). 

The  mouth,  in  all  Arachnids,  is  situated  on 
the  anterior  segment^  and  is  provided  with  in- 
strumentB  adapted  either  for  suction  or  masti- 
cation. In  the  parasitic  mites  the  rudiments  of 
the  jaws  are  more  or  less  enveloped  in  a  sheath  formed  by  the  lower 
lip:  the  maxillary  palpi  are  usually  the  only  parts  which  have  iVee 
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and  independent  movement?,  and  their  extremity  is  commonly  armed 
either  with  a  hook  or  with  a  pair  of  small  nippers. 

In  spiders  the  parts  called  mandibles  (Jig,  172,  a)  are  situated  at 
the  front  of  the  head  and  are  terminated  bj  a  moveable  and  very 
sharp  hook,  which  is  pierced  at  its  extremity  by  a  small  fissure, 
serving  to  give  issue  to  the  poison  secreted  by  a  gland  lodged  in  the 
preceding  joint.  The  maxilke  (ib.  5,  6)  are  two  in  number,  and  the 
labium  (ib.  t)  situated  between  these  organs  is  composed  of  a 
single  piece.  The  maxillary  palpi  (ib.  c),  compared  with  those  of 
insects,  are  of  great  length  and  size,  and  resemble  the  thoracic  feet, 
which,  in  the  Mygale,  they  nearly  equal  in  length.  In  female  spiders 
they  are  terminated  by  a  single  moveable  claw :  in  the  males  the  last 
joint  (ib.  d)  is  dilated,  and  presents  a  mere  complicated  structure. 
In  the  scorpion  the  mandibles  {fig.  164,  a)  are  short,  and  terminate  in 
a  pair  of  strong  pincers :  the 
maxillary  palpi  (ib.&)  are 
proportionally  more  deve« 
loped  than  in  the  spiders,  and, 
like  the  mandibles,  they  ter- 
minate by  pincers,  which  are 
so  strong  and  large  in  the 
great  scorpion  (Buthus  Afri" 
canus\  as  to  resemble  the 
chelffi  of  the  Crustacea,  and 
more  especially  as  they  are 
succeeded  by  four  pairs  of 
simple  and  smaller  thoracic 
legs. 

In  the  genus  Galeodes  the 
mandibles  are  chelate,  but 
much  longer  and  larger  than 
in  the  scorpions.  The  maxil- 
lary palpi  resemble  small 
slender  feet,  but  without  the 
terminal  hooks  ;  and  the 
succeeding  pair  of  append- 
ages being  similarly  modi- 
fied, only  six  ambulatory 
feet  of  the  ordinary  structure 
remain.  Two  rudiments  of 
antennie  have  been  noticed 
attached  to  the  mandibles  in 
certain  species  of  this  genus.     The  head  is  likewise  more  distinct 
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from  the  thonii%,  and  it  supports  the  first  of  the  four  pairs  of  Ic 
usual! J  ascTibtfil  to  the  Araclinids.  The^e  luadlficatioDSy  with  th€ 
union  of  the  ocelli  into  two  groups,  indicate  the  Giileoded  to  form  the 
passage  to  Ilie  Ilexftfiod  in^ecta* 

The  modification  and  the  connections  of  the  pair  of  appendages 
which  succeeds  the  maxillary  palpi   in   the  Gtileodea    derooDstrut 
that  I  he  J  arc  the  homologues  of  the  labial  palpi  in  Hexapod  iusect 
In  most  spiders  they  are  explorers,  and  are  carried  forwards 
tendi  d,  while  the  other  legs  are  used  in  progression,     Tlie  poeilioij 
of  thu  rudi mental  antennse  in  tlie  same  interesting  genus  confirms  th 
indication  afforded  by  the  nervous  system  in  spiders  and  scorpions, 
that  the  antenniB  ore  confluent  with  the  so  called  mandibles,  if  tUes' 
be  not  altogether  mollified  antennae.     They  are  not  the  homolo^tie 
of  the  mandibles  of  insects* 

In  the  composition  of  the  cephalothorax  of  spiders  the  ter 
elementfi  of  the  coalesced  segments  are  wanting,  and  the  back  < 
the  thorax  is  protected  by  the  elongation,  convergence,  and  cent 
confluence  of  the  epimeral  pieces ;  the  sternal  elements  have  coolc* 
into  the  bi^oad  plate  (^fig.  172,  h)  in  the  centre  of  the  origins  of  %he/\ 
ambulatory  legs,  from  which  it  is  separated  by  the  epist4?rna 
elements.  The  traces  of  the  original  separation  of  the  four  epinier 
pieces  may  be  easily  distinguished  in  some  spiders^  as  in  Pholcu 
rivulatus*  The  non-development  of  the  tergal  elements  explains  th^ 
absence  of  wings,  wliich  we  have  seen,  in  the  ArtictUata^  to  be 
appendages  of  those  elements,  and  to  be  very  frequently  restricted  t<j 
the  branchial  function.  The  tergal  parts  of  the  thoracic  segracntj 
are  equally  absent  in  the  decapod  Crustacea ;  but,  in  thera,  the  back 
of  that  division  of  the  body  is  protected  by  the  carapace,  continaed 
backwards  from  certain  cephalic  segments:  when  this  is  raised,  thd 
epimeral  pieces  are  seen  converging,  as  in  spiders,  but  not  meeting" 
and  coalescing. 

The  soft  and  flexible  integument  of  the  abdomen  in  mites  and 
spiders  gives  no  indication  of  the  segments  or  their  component  parts 
but  it  is  favourable  for  the  study  of  its  intimate  organisation.    Bencatll 
the  epiderm  and  pigmental  I  layer  may  be  distinguished  a  thin  chorion 
the  fibres  of  which,  probably  contractile,  surround  the  abdomen  ifl 
various  directions.     To  the  e  pi  dorm  belong  the  Imiry  and  spinoai^ 
appendages:  the  large  bird-spiders  (^Mygale)  are  clothed  with  a  thiol 
coat   of  hair :    some  of  the  smaller  species,    as    Aratwa    damesiicti 
have  complex  hairs,  like  the  down  of  birds,  implanted  by  a  stem.     In 
other  spiders,  similarly  implanted  stems  support  scales,  analogous  to 
those  of  tlie  Lepidoptera ;    tlie   bright    colours  of  the   Saltictt  aud 
Oin^opes  are  due  to  these  scales. 


A&ACHKIDA.  449 

The  dense  chitinous  covering  of  the  cephalothorax  in  the  great 
tropical  spiders  {l^Iygale\  and  of  a  larger  proportion  of  the  skeleton 
in  the  African  scorpion,  consists  of  a  series  of  layers  of  a  brown 
colour;  the  superficial  are  darker  than  the  rest:  the  layers  are 
traversed,  in  the  scorpions,  by  minute  tubes.* 

The  legs^  answering  to  the  six  in  hexapod  insects,  consist  each  of 
a  coxa^  a  short  trochanter^  a  longer  stiff/ewiur,  a  tibia  divided  by  an 
articulation  into  two  unequal  parts,  and  a  tarsus  composed  of  a  long 
and  short  joint ;  the  latter  is  commonly  armed  by  two  claws.  In 
some  spiders  these  have  a  pectinated  appendage  on  their  convex  side. 
There  is  a  spine  on  the  end  of  the  tarsus  of  eacli  hind  leg  opposed  to 
the  terminal  hooks.  In  the  aquatic  Hydrachnce  the  legs  are  thickly 
set  with  hairs  on  one  side. 

The  muscular  system  is  principally  aggregated  in  the  cephalo- 
thorax for  working  the  organs  of  mastication  and  locomotion :  some 
small  muscular  bands  are  attached  to  a  median  ventral  raphe  of 
the  abdomen  in  certain  spiders.  There  are  better  developed  muscles 
in  the  slender  jointed  abdomen  of  the  scorpions  for  its  inflection  and 
extension,  and  more  especially  for  the  purpose  of  wielding  the 
poisonous  weapon  with  which  it  is  terminated.  The  elementary 
muscular  fibres  are  transversely  striated. 

A  well-marked  gradation  of  structure  may  be  traced  in  the  nervous 
ftystem  of  the  Arachnids.  The  brainless  condition  of  Macrohiotus 
has  already  been  alluded  to.  In  the  Jh/cnogonitke  the  first  of  the 
four  ventral  ganglions  is  connected  by  a  slender  oesophageal  collar 
with  an  ovoid  cerebral  ganglion ;  this  is  divided  in  the  Phalangidee. 

The  principal  masses  or  ganglions  of  the  nervous  system  are  con- 
centrated around  the  oesophagus  in  the  cephalothorax  of  the  scorpion. 
From  the  small  supcroesophageal  or  cephalic  bilobed  mass  are  sent 
upwards  the  optic  filaments,  forwards  the  nerves  of  the  forcipated 
mandibles  or  '*  chelicera,"  and,  backwards,  the  stomato-gastric  nerves ; 
the  sub-ODSophageal  ganglionic  columns  distribute  nerves  to  the 
great  maxillary  cheliform  palpi,  and  to  the  four  pairs  of  thoracic 
legs :  two  slender  continuations  of  the  median  columns  are  continued 
along  the  jointed  abdomen  or  tail,  and  seven  small  ganglions  are 
developed  upon  them,  from  which  and  from  the  intcrganglionic 
chords  nervous  filaments  are  distributed  to  the  surrounding  parts. 

The  ventral  continuation  of  the  anterior  aorta,  which  lies  loosely 
upon  the  dorsal  aspect  of  the  ganglionic  chords,  must  be  injected  in 
order  that  its  branches,  which  accompany  the  nervous  filaments,  may 
be  distinguished  from  them.     The  vessel  itself  has  been  mistaken  for 
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a  nerve,  and  lias  been  regarded  by  some  as  tbe  motor,  by  others  its 

the  respiratory  tract. 

In  spiders  the  central  masses  of  the  nervous  system  are  wholly,  * 
in  great  part,  concentrated  in  the  cephalothorax.  The  brftin  (,/fj7-  H 
and  166,  <?)  is  a  bilnbed  ganglion,  sending  forwards  and  upwjirds  lh€ 
optic  nerves  (o)  from  its  anterior  angles,  and  below  tbeaei  the  two 
large  n<frves(M)  to  the  les 
mandibles  (w') :  a  short  ^gJG^^^"^--^  ^^ 
and  thick  collar  encloses 
the  narrow  gullet,  and 
expands  into  a  second 
very  considerable  stel-  _^  ^ 

late    or    radiated  gan-      \\  ^WfiffiMD^^^^^^^^^^ 

gUon{*),  situated  below 
the  stomach  upon  the 

pla.Htron:  it    sends    off  Neriro«t  •jfttem,  Wjrgiit. 

five  principal  nerves  on  each  side  ;  the  first  (ji)  to  the  pediftfi 
maxillary  palpi ;  the  second  (/)  to  the  more  pediform  labial  palpfl 
wliich  are  usually  longer  than  the  rest  of  the  legs  and  used  bj 
many  spiders  rather  as  instruments  of  exploration  than  of  locomotion] 
the  three  posterior  nerves  {I,  i,  /)  supply  tbe  remaining  legs,  whiel 
answer  to  tbe  thoracic  legs  of  Ilexapod  insects.  The  nervous  axis  li 
prolonged  beyond  this  great  ganglion,  as  two  distinct  chords,  info  ihi 
bei^inning  of  the  abdomen,  where,  in  the  Epcira  diadema,  it  divide 
into  a  kind  of  cauda  equina  ;  but  in  the  Mygale  a  third  ganglion  ^ 
very  small  size  is  formed,  from  which  the  nerves  diverge  to  suppljl 
tbe  teguments  of  tbe  abdomen  and  its  contents.  The  origin  of  th^ 
mandibular  nerves  close  to  the  optic  ones  from  the  superce?     "  X\ 

ganglion  strongly  irulicates  the  antcnnal  relations  of  the  ni:  i 
whibt  the  honiologuea  of  the  maxillary  and  labial  palpi  receive,  as  11 
insects,  their  nerves  from  the  aubocsophageal  mass.     The  stomato^' 
gastric  nerves  are  sent  off  from  the  posterior  and  lateral  garts  of  the 
brain,  and  form  on  each  side  a  reticulate  ganglion,  which  distribute: 
filaments  to  the  stomach. 

Many  of  the  lower  parasitic  species  of  Arachnids  are  blind :  nol 
any  of  this  class   have  compound  eyes,  but  Galeodet  and  Pholth 
have  their  ocelli  arranged  in    two    lateral   groups.     The   scorpion! 
have  eight  ocelli,  two  of  which  are  situated  near  the  middle  line 
and  three  on  each  side  near  the  anterior  angles  of  the  cephalolhoraa 

In  the  spiders  the  ocelli  are  generally  arranged  in  a  group,  upon  \ 
eminence  at  the  middle  of  the  anterior  part  of  the  cephrtlolhorax  { 
they  are  generally  eight,  never  less  than  six  in  nyraber.  The  postJ 
lion  of  tbe  four  median  ones  is  the  most  constant;  they  generallj 
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indicate  a  square  or  a  trapezium,  and  may  be  compared  with  the 
median  ocelli  in  hexapod  insects.  The  two,  or  the  two  pairs  of 
lateral  ocelli  may  be  compared  with  the  compound  eyes  of  insects ; 
the  anterior  of  these  has  usually  a  downward  aspect,  whilst  the  pos- 
terior looks  backwards  ;  the  variety  in  the  arrangement  of  the  ocelli 
of  spiders  always  bears  a  constant  relation  to  the  general  conformation 
and  habits  of  the  species.  Duj^s  has  observed  that  those  spiders 
which  hide  in  tubes,  or  lurk  in  obscure  retreats,  either  under-ground 
or  in  the  holes  and  fissures  of  walls  and  rocks  from  which  they  only 
emerge  to  seize  a  passing  prey,  have  their  eyes  aggregated  in  a  close 
group  in  the  middle  of  the  forehead,  as  in  the  bird-spider  {fig,  165), 
the  clothos,  &c.  The  spiders  which  inhabit  short  tubes,  terminated 
by  a  large  web  exposed  to  the  open  air,  have  the  eyes  separated,  and 
more  spread  upon  the  front  of  the  cephalothorax.  Tiiose  spiders 
which  rest  in  the  centre  of  a  free  web,  and  along  which  they  fre- 
quently traverse,  have  the  eyes  supported  on  slight  prominences 
which  permit  a  greater  divergence  of  their  axes ;  this  structure  is 
well  marked  in  the  genus  ThomUay  the  species  of  which  lie  in  am- 
buscade in  flowers.  Lastly,  the  spiders  called  Errantes,  or  wanderers, 
have  their  eyes  still  more  scattered,  the  lateral  ones  being  placed  at 
the  margins  of  the  cephalothorax.  The  structure  of  these  simple 
eyes  resembles  that  which  has  been  so  well  described  by  Miiller  in 
the  scorpion  ;  Lyonnet  had  recognised  the  crystalline  lens.  The  iris, 
or  process  of  pigment  which  advances  in  front  of  the  lens,  is  green, 
red,  or  brown  in  the  diurnal  spiders,  and  black  at  the  back  part  of 
the  eye.  The  nocturnal  species,  as  Mygale  and  TarafitulOy  have  a 
brilliant  tapetum,  but  no  dark  pigment. 

In  the  scorpion  the  transparent  prominence  which  indicates  each 
ocellus  is  a  thick  dermal  cornea,  not  divided  into  facets  ;  it  is  deeply 
excavated  at  the  middle  of  its  inner  surface  for  the  lodgment  of  the 
spherical  lens  :  the  back  part  of  this  body  r^sts  upon,  without  sinking 
into,  the  anterior  surface  of  a  hemispherical  vitreous  body.  The 
interspace  between  this  body  and  the  lens  forms  a  circular  channel 
filled  with  aqueous  humour  and  receiving  a  circular  process  of  the 
thick  pigmental  chorion  which  defines  the  pupil  and  confines  the  lens 
to  the  anterior  chamber.  The  pigment  coats  the  retina  and  covers 
part  of  the  optic  nerve. 

Spiders  have  the  sense  of  hearing,  but  neither  the  organ  nor  its 
situation  are  known.  The  same  may  be  said  of  the  sense  of  smell. 
The  membrane  lining  the  mouth  and  pharynx  may  have  the  faculty 
of  taste,  and  influence  the  Arachnids  in  their  choice  of  food.  The 
soft  and  often  hairy  integument  must  be  to  a  certain  degree  sen- 
sitive, but  touch  would  appear  to  be  exercised  principally  by  the 
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leg-likt*  irMtrunients  in  to  wliich  the  maxillary  and  labbl  palpi 

Tfio  SaUatorei  have  the  terminal  joint  of  the  palpi  abandantly^ 
litfiH^t  with  hiiira,  unti  us(e  them  to  brush  off  dust  or  uther  extraneous 
niuttera  from  ih^  anterior  eyei :  reqtiiriDg  distinctness  of  Ti^ioti  to 
ninko  their  sucMen  springs  available  in  seizing  their  prey. 

Tht*  alimtMitnrjr  canal  is  short  and  straight  in  most  Arachnids :  a 
alight  oonvolution  of  the  intestine  takes  place  in  some  spiders :  that 
of  tiiUefl  ia  straight  and  wide,  but  the  stomach,  in  some  which  have 
the  aFitig  near  fh<^  middle  of  the  abdomen  {Ert/threus),  is  produced 
intf)  hiterul  warruJi  ;  the.m*  are  bifurcated  in  Ixodes.  In  the  i^fno- 
go/iitlip  the  h>iiju;  and  .HleiuU'i'  ga»inc  cieca  penetrate  the  cheUcera,  and 
the  right  long  and  tih  nd<^r  legs,  as  far  a8  the  end  of  the  tibia.  In 
ijcorpions,  the  nlimontnry  canal  oxtendu,  without  any  gastric  dilj 
tat  ion  or  luti^ftlinal  co?ivnlutinn,  from  the  mouth  to  the  anus*  Fij 
short  and  straight  diverticula  are  eent  off  at  equal  distances 
each  *<Id»j  of  the  fhorafj<^  portion*  and  are  lost  in  the  granular 
ftfcmingly  mlipose  mH)*s«^.s  whii^h  have  been  regarded  as  n  kind 
epiploon  hy  nome,  hy  others  as  an  hepalic  organ.  Two  delici 
rapilliiry  mnal  tuhrs  unite  on  each  side,  clo^e  to  the  intestine, 
opfn  into  tfuit  part  of  tlie  canal  which  is  in  the  anterior  part  of 
lull-like  ubdomrn. 

The  epiileiH  are  remarkable  for  the  minuteness  of  the  pharynx  i 
cnsophageal  canah      Havigny  believed   that  in  some  species 
existed  lliree  |)luiryngeal  apertures   through   which  tlie  juices, 
pressed  fi-orii  llii*  i^aptund  insect  !iy  the  action  of  the  maxillary  pi  ai 
i^ff'   I6o»  w)  were  filtered,  as  it  were,  into  the  narrow  oc^ophu) 
In  the  Mygale^  however,  there  h  certainly  but  one  aperture  ;  tliisj 
di^fcMidfd  above  by  a  horny  plate,  or  rudimental  labrum ;  below 
the  luhium.   which   is  sold**red  In  the   plastron  in  the  Mygale, 
jointed  and  movable  in  most  of  the  f mailer  5<piders. 

The  pharyngeal  fissure  (^fiff.  165,  b)  ascends  l>etween  an  anterior 
convex  plate  or  pnlate  and  n  posterior  concave  plate,  both  of  whw 
are  shed  and  renewed  at  each  moult.  The  slender  cesopliagus  pa 
backwards  at  a  right  angle  to  the  pharynx,  perforates  the  nerve 
ring,  and  expands  into  the  stomach  (ib.  d).  In  the  house-^picl 
[^Tegenaria  domesiiva\  the  gastric  cavity  is  produced  into  four  sacs, 
which  are  susceptible  of  great  distension  when  a  large  prey  is  cap- 
tured. In  another  species  of  spider  {Photc^a  rivulatus),  the  oeaophagiM 
(^.  166,  a%  having  passed  under  the  brain  (c),  suddenly  expands 
into  a  stomach*  nbnoat  as  broad  as  the  sternum^  which  sends  o6r  a 
long  clavate  cibchI  process  into  the  base  of  the  maxillary  palp!  (e), 
and  uf  each  thoracic  leg  (e').   A  shorter  diverticulum  (^  is  continued 
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from  the  upper  part  of  the  stomach.  The  intestine  is  contracted 
where  it  passes  through  the  pedicle  of  the  abdo-  166 
men ;  it  sliglitly  expands  in  its  straight  course  (/) 
along  the  anterior  part  of  that  cavity,  then  con- 
tracts and  forms  two  short  convolutions  (g),  and  ^  ^ 
communicates  with  a  large  globular  caecum  (A),  ^i^^^^J^^i 
from  which  the  short  rectum  passes  to  the  vent.  <r^^^  ,-l;|= 
In  some  mites,  e.  g,  Ixodes,  the  salivary  glands 
consist  of  masses  of  vesicles  situated  on  the  sides 
of  the  fore  part  of  the  body  ;  and  pour  the  secre- 
tion by  branched  canals  into  the  mouth  at  the  base 
of  the  labium.  In  the  spiders  a  slit  in  the  upper 
lip  leads  into  a  cavity  at  the  base  of  which  is  a 
transparent  glandular  mass,  the  secretion  of  which 
flows  through  the  slit,  and  moistens  the  substances 
from  which  the  nutriment  is  being  extracted.  Four 
biliary  ducts  (t,  i)  open  into  each  ,side  of  the  ^"""^"^p^S?*/*  ^'****" 
straight  portion  of  the  intestine.  Two  longer  and 
more  slender  urinary  tubes  (A,  k)  communicate  with  the  beginning 
of  the  csscum,  which  seems  to  stand  to  them  in  the  relation  of  an 
urinary  bladder.  Large  masses  of  adipose  epiploon  occupy,  in  well- 
fed  spiders,  the  sides  of  the  abdomen,  and  cover  and  conceal  the  gra- 
nular brownish  csecal  terminations  of  the  voluminous  hepatic  organ. 

The  gastric  capca  and  the  stores  of  fat  may  both  contribute  to  the 
power  of  endurance  of  the  prolonged  fasts  for  which  spiders  are 
remarkable.  Mr.  Blackwall  kept  a  young  Theridion  ^-punctatum 
alive  without  food  from  the  loth  October,  1829,  to  the  30th  April,  1831. 
It  had  alvine  evacuations  at  distant  intervals  and  in  small  quantities 
to  the  end  of  its  existence.  It  also  spun  several  snares,  which  were 
successively  removed  by  the  experimentor. 

The  chyle  is  received  immediately  by  the  veins,  and  conveyed  to 
the  dorsal  vasiform  heart.  The  heart  is  situated  in  all  Arachnids, 
as  in  the  other  Articulata,  beneath  the  dorsal  integument  and  above 
tJie  alimentary  canal.  In  the  PhalangidcB  it  is  three-chambered  * : 
in  the  scorpions  it  is  confined  to  the  six  dilated  anterior  segments  of 
the  abdomen,  where  it  is  of  uniform  diameter,  except  at  its  two 
attenuated  extremities :  it  receives  the  venous  blood  from  the  surro*und- 
ing  pericardial  sinus  by  ten  or  eleven  pairs  of  apertures,  each  guarded 
by  a  pair  of  valves.  From  the  anterior  and  larger  extremity  the  anterior 
aorta  is  continued,  which  is  short,  and  soon  divides  into  three  branches : 
a  longer  and  more  slender  vessel  is  continued  along  the  terminal 
segments  of  the  abdomen  from  the  narrower  posterior  end  of  the  heart. 
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In  the  spiders  the  heftrt  {fig,  167»  o)  extends*  %%  in  fifing  i 
along  nt'arlj  the   wliolo  of  iKe  abdomen,  but  is  wider  than 
scorpioD  or  in  insects.     It  \b  fusiform,  with  thick  walls,  compo! 
chiefly   of  transverse  muscular    fibre*,    slightly  decussating    oi 
inner  surface :  a  narrow  strip  of  longitudi- 
nal fibres  extends  along  the  middle  of  the 
dorsal  surface. 

Tlie  blood  is  returned  to  the  heart  either 
hj  from  fcnir  to  six  pulmonic  vessels  (fi,  b)  on  jfi7 
eatili  side,  or  by  the  great  sinus  that  sur- 
rounds it  like  a  pericardium,  or  by  both  ways. 
It  is  propelled  forwards  by  the  contraction 
of  the  raust'ulnr  wails,  whioh  action  can  fre- 
quently be  discernod  i!i rough  the  thin  inte- 
gument of  the  smaller  spiders.  M,  Duges*, 
who  succeeded  in  throwing  a  solution  of  car- 
mine into  t!ic  heart  from  behind  forwards, 
affirms  that  it  flowed  readily  by  the  lateral 
pulmonic  vessels  (A,  h)  to  the  base  of  the  pul- 
monary lamidlte,  and  that  these  productions 
of  the  breathing  sncs  were  coloured  rose-red 
by  the  injection  of  their  capillari*^s.  Hence  he 
concluded  tlirit  those  vessels  were  pulmonic 
arteries.  M.  Blanehardf,  who  has  equally 
flucceeded  in  injecting  thcrn,  deems  them  to 
be  veins,  and  the  sole  channels  by  whiclj  the  blood  returns  to  the  heart; 
The  disposition  of  the  venous  pericardial  sinus  inclines  me,  how^ 
ever,  to  believe  that  the  heart  serves  the  purposes  of  both  pul- 
monic and  systemic  circulations,  as  Hunter  di.'^covered  to  be  it; 
function  in  the  flying  insect.  An  artery  is  continued  from  both 
extremities  of  the  heart ;  the  anterior  aorta  (c)  gives  otf  two  trans- 
verse branches  {d\  the  posterior  vessel  soon  divides  into  the  genita! 
arteries  {e).  It  sends  off  an  inferior  branch  to  the  intestine,  and, 
having  penetrated  the  thorux,  it  gives  two  branches,  which  divide  to 
supply  the  gastric  creea.  It  then  divides  into  two  branches,  which 
run  forward  nearly  parallel  to  the  brain  and  eyes  ;  supply  the  chelicers 
and  the  poison-organ  of  that  part;  and  bend  down  to  become  inti- 
mately blended  with  the  subocsophageal  nervous  mass.  The  arteries 
have  few  raraifjcations,  are  usually  short,  and  soon  lose  themselv 
the  diffused  venous  sinuses.  The  venous  apertures  are  bivalvi 
OS  in  the  heart  of  the  scorpion.  The  blood  contains  colourless  r( 
corpuscles,  which  have  been  seen  to  circulate  in  the  limbs  of  y« 
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spiders ;  returning  by  a  less  regular  channel  than  the  arterial  one : 
the  veins  of  the  great  cavities  of  the  bodj  are  irregular  and  wide 
sinuses. 

All  true  Arachnids  breathe  the  air  directly :  the  tracheary  respi- 
ratory apparatus  of  the  mites  commences  by  a  few,  usually  two, 
orifices,  sometimes  concealed  between  the  anterior  feet  (Trombi- 
dium) ;  sometimes  rery  apparent  above  the  third  pair  of  legs  ( Ga^ 
masus) ;  sometimes  behind  the  last  pair  of  legs.  In  Demodex,  the 
Tardigraday  and  PycTto^ontdce,  no  traces  of  respiratory  organs  have  yet 
been  found.  In  the  species,  parasitic  on  the  hedgehog  {Ixodes  Erina' 
cei),  there  are  three  stigmata;  two  near  the  sides,  and  one  below,  at 
the  middle  of  the  abdomen :  the  latter  is  described  by  Audouin  as  a 
spherical  tubercle,  pierced  by  a  number  of  minute  holes,  by  which 
the  air  penetrates  the  trachesB.  They  usually  arise  by  a  simple 
tuft  from  the  two  stigmata  :  in  GamasuSy  there  are  given  off  from 
the  tufts  two  unbranched  trachesB,  which  course  along  the  sides  of  the 
cephalothoraz,  and  terminate  in  cseca  at  the  base  of  the  mouth. 
The  trachea;  are  very  delicate,  and  their  spiral  filament  discernible 
only  in  the  larger  kinds  of  mite.  Those  of  the  water  spiders  {Hy- 
drachna)  doubtless  act,  like  the  branchi-trachese  of  aquatic  insect 
larv86,  in  extracting  the  air  from  the  water. 

The  spiders  of  the  genera  Segestria  and  Dysdera  have  four  stig- 
mata, situated  on  the  under  and  anterior  part  of  the  abdomen :  the 
anterior  one  on  each  side  {Jig*  168,  a) 
is  the  aperture  of  the  pulmonary  sac  (5) ; 
the  lower  orifice  {c)  leads  to  a  short  and 
wide  cylinder,  from  which  radiate  nume- 
rous trachese  {d)  having  the  usual  shining 
surface.  These  tubes  are  united  together 
in  bundles,  and  diverge  to  the  surround- 
ing parts  by  dissociation,  not  by  true 
ramification,  like  the  trachea;  of  mites 
and  insects.  One  bundle  is  dispersed 
throughout  the  abdomen  ;  another  enters 
the  cephalothorax  and  resolves  itself 
into  groups  corresponding  in  number 
with  the  limbs  to  the  extremity  of  which 
the  fine  silvery  tracheae  can  be  traced. 
In  Epeira  and  some  other  spiders  there 
is  a  transverse  fissure  in  front  of  the  spin- 
nerets, from  which  a  short  tracheal  trunk 
proceeds :  this  sends  off  four  simple  flat- 
tened trachea),  devoid  of  the  spiral  filament,  which  extend,  gradually 
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attenuating  to  the  base  of  the  abdomen.*  The  pulmonary  sac  (Jfyf, 
1<)8,  170,  A),  which  receives  the  air  by  the  anterior  rtjspimtory  oci- 
fia;,  h  or«n  elliptical  form;  the  vascular  surface  is  augmeoted 
number  of  broiid  und  ulosc-set  Ijimelhe  which  project  into  its  inf 

In  the  gcorpioti  {Ji^,  164),  the  stigmata  or  pulmonary  orifices  i 
itight  in  number,  four  on  each  side  of  the  under  fiurface  of  the  ao- 
teiior  broad  segments  of  the  abdomen  (1,  2,  3,  4).  They  Imve 
the  form  of  oblique  fissures,  surrounded  by  a  thickened  tnar;gin,  to 
wliich  the  name  of'*  peritrema'*  has  been  given.  The  vascular  lining 
membrane  of  the  cavity  adheres  to  this  margin,  and  is  at  dr»l 
t^imfile,  but  afterwards  gives  attachment  to  a  series  of  tweo^ 
broad  and  close-set  lamells^,  arranged,  as  in  the  spiders,  like  tli 
leave*  of  a  book*  The  genus  P/tn/nus  has  only  two  pairs  otpuL 
nary  §acg ;  but  each  sac  hag  eighty  lamellae. 

'l1»o  peculiar  organs  of  eccretion  in  the  class  Amchnida  are  tUc 
which  prepare  the  material  of  the  web,  whicli  is  analogous  to  silk,  afld 
thu^ie  which   secrete  the  venomous  liquid.      The  former  ore  pro[>c 
to  spiders;   the  latter  common  to  boih  spiders  and  scorpions.     Tif 
modi flt'ut ion  of  the   abdominal   segment  of  scorpions,  by  whieU  t4 
hinder  half  i-i  converted  into  a  slender,  jointed,  flexible,  tail-like  a| 
pf ndage,  seems    to  have   special   reference  to  the  wielding  of 
envenoniod  sting.     TJie  glands  which  supply  this  weapon  with  it 
poisonous   fluid  are   lodged    in  that  well-known   pyriform   dilatatio 
formed  by  the  last  joint  of  the  tail,  and  wliich  is  terminated  by  the 
alendor,  sliarp,  recurved  sting.f     A  minute  slit 
may  be  observed  near  the  point,  which  is  the 
common  outlet  of  two  slender  ducts,  that  gra- 
dually dilate  into  tw^o  Beereting  ?ac.s  lodged  in 
the  cftvity  of  the  expanded  part    of  the  jnint, 
and  separated  from  each  other  by  a  double  vor- 
tical partition.     Their  chief  tunic  is  formed  l»y 
a  layer  of  smooth  muscular  fibres,  external  to 
which  is  a  stratum  of  cylindrical  cells. 

The  poison-apparatus  of  spiders  is  placed  at 
the  opposite  extremity  of  the  body.  The  perfo- 
rated sting  or  fang  forms  the  second  joint  of  the 
nmndible  or  modified  antenna,  upon  which  it 
has  a  gynglymold  movement,  and  lies  concealed 
and  protected,  when  not  in  use,  in  a  furrow  with  Mygnie. 

dentated    margins    upon    the    basal  joint   {^fiff> 
16.5,  m*).     The  poison  gland  (^/?<^.  169,  a)  l^  an  elongated  ovoid  vestd^ 
the  exterior  of  which  is  characterised  by  spiral  folds  produced  by  tli^ 
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arrangement  of  the  fibres  of  the  contractile  tunic.  The  duct  {b)  tra- 
verses the  basal  joint  of  the  mandible  and  the  cavity  of  the  fang  (c), 
and  terminates  in  a  fissure  on  its  convex  surface  near  the  point.  In 
the  true  Arane€B,  the  Cluhiones,  and  the  Lycoztp^  the  poison  glands 
extend  into  the  cephalothorax  ;  but  in  the  bird-spiders  {My gale) 
thej  are  limited  to  the  mandibles.  It  is  probable,  therefore,  that 
the  effects  of  a  wound  occasioned  by  these  gigantic  spiders  may  be 
exaggerated :  those  species  of  our  native  spiders,  which  are  most  for- 
midably armed,  cause  little  or  no  inflammation  in  piercing  the  human 
skin  ;  but  their  poison  seems  to  take  fatal  effect  upon  insects.  The 
mechanical  laceration,  and  the  sucking  out  their  juices,  must,  how- 
ever, be  taken  into  the  account  of  the  lethal  powers  of  the  spiders^as 
exercised  upon  their  entrapped  prey.  Litmus  paper  pierced  by  the 
mandibular  hooks  of  irritated  spiders  becomes  red  as  far  as  the 
emitted  fluid  spreads,  showing  the  poison  to  be  acid. 

The  organs  which  secrete  the  material  of  the  web  are  lodged  in 
the  posterior  part  of  the  abdomen,  and  in  JEpeira  fasciata,  which 
is  remarkable  for  the  large  size  of  its  web,  they  occupy,  when  in  full 
activity,  about  one  fourth  of  the  abdominal  cavity.  They  present 
tlie  form  either  of  slender  and  more  or  less  branched  tubes,  or  of  di- 
lated sacs,  the  excretory  ducts  of  which  terminate  upon  projecting 
jointed  organs  at  the  posterior  extremity  of  the  abdomen,  called 
spinnerets  (Jig,  172,  ti). 

In  the  Clubtona  atrox  the  glands  consist  of  four  larger  and  nume- 
rous smaller  tubes :  two  of  the  larger  branched      i  ^'o  ^^ 
tubes  are  twice  the  size  of  the  other  pair.  ^^^  " 
In  the  genus  Pholcus  {fig,  170)  the  organ  is 
reduced  to  a  more  simple  condition  ;  it  con- 
sists of  six  vesicles  of  different  shapes  and 
sizes ;  two  {q)  are  large  and  elongated ;  they 
occupy  the  middle  of  the  under  part  of  the 
abdomen,  and  their  slender  ducts   are  con- 
tinued in  a  tortuous  course  to  the  spinnerets  ; 
two  others  (r)  are  also  elongated,  but  are 
smaller  than  the  preceding;  the  remaining 
two  are  spherical  («).     The  duct  of  each  of  ( 
these  glands  terminates  upon  its  appropriate 
si)inneret,  and  there  are  consequently  six  of 
these  organs. 

Mygale  avicularia  has  only  four  spinnerets, 
and  in  Mygale  cementaria  two  of  them  are 
imperfbrate.    Clubiona  atrox  and  some  species  o£  Drassus  have  eight 
spinnerets ;  the  two  accessory  ones  being  situated  in  advance  of  the 
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rest,  and  connected^  in  CtUamuirum^  with  a  kind  of  comb  attaclied[^ 
to  the  metatarsus  of  tlio  hind  legs*     Six^  however,  is  the  ordinary 
number  of  spinnerets  in  the  spldcra,  two  of  which  are  longer  than 
the  others.     The  secretion  does  not  issae  by  a  simple  outlet^  but  by 
a  multitude   of    microscopic    pores  {Jig.    171)t 
which,  in  the  shorter   pairs  of  spinnerets,  are 
prolonged  from  the  terminal  surface  upon  minute 
processes.     If  you  throw  a  little  dust  upon  the 
web  of  any  of  the  orbitele  spiders,  of  the  Epcira 
diadema  for  example,  you  may  observe  that  it 
adheres  to  the  spiral,  but  not   to  the    radiated, 
threads;  for  the  spiral  thread  is  beset  with  minute 
viscid  globules.     Lyonnet  supposed  that  the  ad- 
hesive threads  issued  from  the  tubular,  and  the 
others  from  the  sessile  orifices.     The  secretion  is  a  glutinous  fli 
insoluble  in  water,  and  quickly  drying  in  air;  some  species,  aa  A^* 
gyronetu  aqnatica,  spread  their  nets  habitually  under  water. 

The  degree  and  mode  in  which  spiders  exercise  this  aijij 
secreting  faculty  varies  considerably  in  the  different  species.  SomST 
as  the  Clulnones,  line  with  silk  a  conical  or  cylindrical  retreat, 
formed,  perhaps,  of  a  coiled- up  leaf,  and  having  an  outlet  at  both 
extremities,  from  one  of  which  may  issue  threads,  to  entrap  tlieir 
prey*  Others,  as  the  Segestria*,  fabricate  a  silken  burrow  of  ^vvi  or 
six  inches  in  length,  in  the  cleft  of  an  old  wall.  The  AJi/ffaie  ccmen- 
taria  lines  a  subterraneous  burrow  wvith  the  same  substance,  and 
manufactures  a  close-fitting  trap-door  of  cemented  earth  lined  with 
eilk,  and  so  attached  to  the  entry  of  tlie  burrow  as  to  fall  down  and 
cover  it  by  its  own  weiglit,  and  wbicli  the  inmate  can  keep  close  shut 
by  means  of  strong  attached  threads. 

Tlie  arrangement  of  spiders  by  M.  Walcknaer*  into  families,  clif 
racterised  by  their   habits,   places    the   principid  varieties  of  th< 
webs  in  a  very  concise  point  of  view. 

The  Ctirsore^t  Saftatorcs,  and  LatertgradtP,  make  no  webs;  t1 
first  catch  their  prey  by  swift  pursuit,  the  second  spring  upon  their 
prey  by  insidious  and  aple  leaps ;  the  third  run,  crab-like^  sidewaya 
or  backward.*,  and  occasionally  throw  out  adlicsive  threads  to  entrap 
their  prey.  The  Latebricolf^  l»ide  in  burrows  and  fissures,  wliich 
they  line  with  a  web.  The  Tuhicolte  inclose  themselves  in  a  silki 
tube,  strengthened  externally  by  leaves  or  other  foreign  substance 
The  NiditehB  w^eave  a  nest,  wlience  issue  threads  to  entrap  their 
prey.  The  FiiiteUe  are  remsirkitble  for  the  long  threads  of  silk  whh 
they  spread  about  in  the  places  where  they  prowl  in  quest  of  pj 
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The  TapitelcB  spin  great  webs  of  a  close  texture  like  hammocks,  and 
wait  for  the  insects  that  may  be  entangled  therein.  The  Orbitel^e 
spread  abroad  webs  of  a  regular  and  open  texture,  either  circular  or 
spiral,  and  remain  in  the  middle,  or  on  one  side,  in  readiness  to 
spring  upon  an  entangled  insect.  The  BetiteltB  spin  webs  of  an 
open  mesh-work,  and  of  an  irregular  form,  and  remain  in  the  middle 
or  on  one  side,  to  seize  their  prey.  Lastly,  the  AquitekB  spread 
their  silken  filaments  under  water  to  entrap  aquatic  insects. 

The  silken  secretion  of  spiders  is  not  applied  only  to  the  formation 
of  a  warm  and  comfortable  dwelling  for  themselves,  or  of  a  trap  for 
their  prey;  it  is  often  employed  to  master  the  struggles  of  a  re- 
sisting insect,  which  is  bound  round  by  an  extemporary  filament, 
spun  for  the  occasion,  as  by  a  strong  cord.  It  forms  the  aeronautic 
filament  of  the  young  migratory  brood.  It  serves  to  attach  the 
moulting  Hydrachna  to  an  aquatic  plant  by  the  anterior  part  of  the 
body,  when  it  struggles  to  withdraw  itself  from  its  exuvium.  Lastly, 
a  softer  and  more  silken  kind  of  web  is  prepared  for  the  purpose  of 
receiving  the  eggs,  and  to  serve  as  a  nest  for  the  young. 

The  lower  forms  of  the  Arachnids,  e.  g.  Macrobiotus  and  AcaridfBy 
arc  remarkable  for  their  great  longevity  and  their  power  of  retaining 
latent  life.  Some  spiders  live  only  twelve  months ;  others,  e.  g. 
Segestria  senoculata,  do  not  reach  maturity  until  two  years  old. 

The  Macrobiotus  is  androgynous,  and  the  only  known  arachnid 
that  is  so.  The  testes  are  two  long  fusiform  sacs,  situated  one  on 
each  side  of  the  single  ovarium  and  of  the  intestine;  they  com- 
municate with  a  median  dorsal  vesicula  seminalis,  in  which  Doy^re 
and  Dujardin  have  detected  actively  moving  spermatozoa.  The 
ovarium  is  a  large  sac,  with  loose  and  dilatable  tunics,  situated 
dorsad  of  the  intestine  and  advancing,  when  gravid  with  ova, 
as  far  forwards  as  the  first  segment  of  the  trunk.  A  short 
oviduct  opens  at  the  fore  part  of  the  cloaca,  which  is  on  the  ventral 
aspect  of  the  penultimate  segment.  The  ovarian  sac  is  sustained 
by  two  suspensory  ligaments  or  muscles,  which  diverge  to  be 
attached,  above  the  gastric  division  of  the  alimentary  canal,  to  the 
internal  dorsal  muscle  of  the  second  segment.  The  ova,  which  are 
usually  five  or  six,  rarely  more  than  ten  in  number,  are  simul- 
taneously developed,  and  of  large  proportional  size.  The  clear  ger- 
minal vesicle  is  imbedded  in  a  coloured  yolk,  enclosed  in  a  membrana 
vitelli.  When  oviposition  and  moulting  go  on  together,  and  the  cast 
skin  receives  the  eggs,  the  chorion  is  smooth:  at  other  times  the 
chorion  is  beset  with  points  or  tubercles.  The  germ-mass  is  trans- 
formed at  once  into  the  Macrobiotus;  the  young  animal  moves  on 
the  twentieth  day,  and  is  excluded  on  the  twenty-fourth,  unless  it 
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li  up  pens  to  become  dried,  when  tlie  young  becomes  torpid  like  the 
parent,  and  botb  revive  when  they  arc  re-moistened.  It  id  about  one* 
fourth  the  size  of  the  parent. 

All  the  Arachnids  of  the  mite  family  are  remarkable  for  their  I 
power  of  resisting  lethal  influences,  and  for  the  retention  of  their 
vitality  when  torpid  and  apparently  dead.  The  ova  of  such  are,  with 
still  greater  dilliculty,  deprived  of  their  latent  life.  A  a  nil  the  mites 
have  been  endowed  with  well-developed,  if  not  complex,  generatii^e 
organs,  the  requisite  proof  must  be  satisfactorily  afforded  of  tlie 
impossibility  of  the  existence  of  the  eggs  of  mites  in,  or  of  the  accesa 
of  such  to,  fluids  traversed  by  galvanic  currents,  before  credence  can 
l>e  reasonably  given  to  the  statements  that  acari  have  been  developed 
by  such  agency,  without  any  pre-existing  egg,  i.  e*  by  way  of  the 
*'  ffeneratio  sponittnea  sen  equivocal 

In  the  genus  Tromhidium^  the  species  are,  as  in  other  true  mites, 
represented  by  distinct  males  and  females ;  the  testes  form  one  com- 
pact masSj  consisting  of  a  group  of  red-coloured  sperm  sacs,  attached 
by  a  short  stem  to  an  annular  vas  deferens,  which  opens  between  the 
hindmost  pair  of  leg^,  but  receives  before  its  termination  the  ducts 
of  two  vesiciilae  seminales.  In  the  female  the  ovarium  is  large  and 
apparently  single,  but  from  it  there  proceed  two  oviducts.  Mi  tea  j 
are  oviparous;  the  Gg%^  of  the  Acarits  or  Sarcoptcs  Galei^  have 
been  detected  beneath  tite  epiderm,  in  itch-patients.  The  females  of 
the  Ft/ctm/onifli€  are  known  by  their  filiform  jointed  ovicapsules, 
situated  in  front  of  the  first  pair  of  legs. 

In  the  true  spiders  (Araneidft)  the  males  are  characterised  by  their 
smaller  size,  their  longer  limbs,  and  brighter  colours,  as  compared 
with  the  females;  but  more  decisively  by  the  tumid  and  unarmed 
termination  of  the  long  maxillary  palpi ;  the  parts  analogous  to  | 
**  vesiculjB  seminnles "  being  lodged  here.  The  essential  and  the 
accessory  generative  organs  of  this  sex  are  (juite  distinct  and  remote 
from  each  oilier :  the  principle  of  such  separation,  which  is  exem- 
pli lied  in  the  relation  of  the  Fallopian  tube  to  the  ovarium  in  Mam- 
malia, is  carried  to  an  extreme  in  regard  to  the  vesicula  seminalis 
and  testis  in  the  spiders.  If  the  analogy  of  the  female  parts  be  here-, 
as  in  other  animals,  a  guide  in  the  detenni nation  of  the  esf<ential 
organs  of  the  male,  the  testes  ought  to  be  the  two  long  vermicular  ] 
tubes,  applied  to  the  under  wall  of  the  abdomen,  which  commence 
posteriorly,  either  by  a  simple  sac,  ns  in  the  Mygale,  or  by  an  oblong 
vesicle,  as  in  the  genus  P/whus^  the  ducts  of  both  of  which  terminnte 
Anteriorly  by  two  approximate  orilices,  or  else  by  a  common  opening, 
us  in  Tegenarm  {Jig,  172,  k}^  situated  between  the  two  pulmonary 
stigmata  (ib.  i,  t).  These  abdominal  testicular  sacculi  are,  in  fact,  laden 
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at  the  bfeeding  season  with  sperm- cells  and  their  characteristic  nuclei 
or  ''spermatoa,"  from  which  the  spermatozoa  are  afterwards  developed. 
The  second  or  copulatorj  part  of  the  generative  organs  is  confined 
to  the  two  last  joints  of  the  maxillary  palp  (ib.  c,  d);  the  dilatation 
of  these  joints  is  chieflj  formed  by  a  spoon-shaped  membranous  tube 
or  sac,  commencing  at  the  penultimate  and  reaching  its  greatest  ex- 
pansion at  the  last  joint  {d) :  this  tube  appears  to  line  a  cavity  in  the 
ordinary  state ;  but  it  can  be  distended,  everted,  and  erected,  when  it 
is  seen  to  be  terminated  by  a  horny  appendnge.  In  this  sac  the 
spermatozoa  are  found  both  free,  and  in  the  interior  of  the  sperm- 
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E^ira  diaderaa.    Female  orgaiii . 


cells,  having  escaped  from  the  spermatoa  into  the  cavity  of  the  parent 
sperm-cell. 

In  the  female  spider  the  ovarium  sometimes  presents  the  form  of  a 
simple  elongated  fusiform  vesicle  (/ig.  170,  o),  closed  at  one  ex- 
tremity and  communicating  with  a  slender  oviduct  (p)  at  the  other, 
which  duct,  after  more  or  fewer  convolutions,  terminates  at  the  cor- 
responding angle  of  the  simple  transverse  vulva.  It  is  situated,  like 
the  outlets  of  the  vasa  deferentiu,  between  the  pulmonary  stig- 
mata {b,  b).  Each  ovarium  {fig.  173,  c)  is  divided  in  the  Epeira,  or 
diadem-spider,  by  a  median  septum,  and  the  eggs  are  laid  at  two 
distinct  periods.  The  ducts  {b)  are  short,  and  terminate  each  by  a 
distinct  orifice  (a)  within  the  transverse  vulva.  In  the  common 
house  spider  the  ovisacs  are  developed,  like  grapes,  from  a  central 
stem-like  ligament,  to  which  they  are  appended  by  slender  peduncles, 
the  whole  being  inclosed  in  the  common  capsule.  The  short  vagina 
or  vulva  receives  tlie  ducts  of  two  sperm-reservoirs;  they  are  of 
a  brown  colour  and  horny  texture,  and  are  attached  to  the  skin. 
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Their    ducts  are  someliiuea  long  and  intertwined;    e.g.   SafihitM, 
Thomisus.* 

The  most  careful  observations,  repeated  by  the  most  attentive  and  ] 
experienced  entomologists,  have  led  to  the  conviction  I  hut  the  ova 
are  fertiUsed  by  the  alternate   introduction  into  the  tuIva  of  thoj 
appendages  of  the  two  pal[d  of  the  raale.     Treviranus's  8uppo^tioti 
that  these  acta  are  merely  preliminary  atlmuli,  lias  received  no  con- 
firmationi  and  i^  rejected  by  Dug^s,  Westwood,  and  Black  wall;  and 
with  good  reason,  as  the  detection  of  the  spermatozoa  in  the  palpul  j 
vesicles  has  shown.     At  the  same  time,  the  roost  minute  and  careful 
rcseaj'ch  has  failed  to  detect  any  continuation  of  the  vas  deferens 
into  the  terminal  erectile  sac  of  the  palp,  or  any  other  termination 
than  the  abdominal  opening  above  described,     Dug^-s  offers  the  very  i 
probable  suggestion  that  the  male  himself  may  applj  the  dilated 
eavitios  of  the  palpi  to  ihe  abdominal  apiTture,  and  receive  frona  the  ] 
vasa  deferentia  the  fertilising   fluid,  preparatory  to  the  union ;   and 
the  discovery  of  the  spermatozoa  at  an  earlier  stage  of  development  I 
in  the  abdominal  testes,  which  development  is  completed  after  the  ( 
transference  of  the  setnen  to  the  veHicuIrp,  equally  demonstrates  the  | 
respective  shares  which  the  two  widely  separated  parts  of  the  male  | 
apparatus    perform  in  these   remarkable  Articulate  animals.     Tlltl 
analogy  of  the  separate  location  of  the  testes  and  vesiculsB  semmalesi 
in  the  flragon-fly  will  no  doubt  present  itself  to  the  mind»     Certain 
it  is  that  an  explanation  of  this  singular  condition  of  the  male  ap-  | 
pa  rat  us,  in  which  the  intromit  tent  organ  is  transferred  to  the  remote 
and  outstretched  palp,  is  afforded  by  the  insatiable  proneness  to  slay 
and  devour  in  the  females  of  these  most  predacious  of  articulated 
aninmls. 

The  young  and   inexperienced   male,    always   the   smallest  and 
weakest  or  the  sexes,  has  been  known  to  fall  a  victim,  and  |>ay  Uie 
forfeit  of  his  life  for   his  too  rash  proposals.     The  more  practised 
suitor  advances  with  many  precautions,  carefully  feels  about  with  hjg  ] 
long  legs,  his  outstretched  palpi  being  much  agitated;  he  announces 
bis  approach  by  vibrating  the  outer  border  of  the  web  of  the  femaleii 
who  answers  the  signal,  and  indicates  acquiescence  by  raising  her  I 
fore*feet  from  the  web,  when  the  mide  rapi«lly  approaclies  ;  his  palpi 
are  extended  to  their  utmost,  and  a  drop  of  clear  liquid  exudes  from  | 
the  tip  of  each  clavate  end,  where  it  remains  attached,  the  tips  them-  | 
selves  immediately  coming  in  contact  with  a  transverse  fleshy  kind  of 
teat  or  tubercle  protruded  by  the  female  from  the  base  of  the  under  f 
side  of  tlic  abdomen.     After  consummation,  the  male  is  sometimes  | 
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obliged  to  save  himself  by  a  precipitate  retreat:  for  the  ordinary 
savage  instincts  of  the  female,  "  etiam  in  amoribus  sseva,"  are  apt  to 
return,  and  she  has  been  known  to  sacrifice  and  devour  her  too  long 
tarrying  or  dallying  spouse. 

There  is  a  redeeming  feature,  however,  in  the  psychical  character 
of  the  female  spider,  in  the  devotion  with  which  she  fulfils  all  the 
duties  of  the  mother.  But  before  proceeding  with  the  examples  of 
the  maternal  instinct,  I  shall  first  point  out  the  anatomical  character 
of  the  generative  organs  in  the  scorpion. 

The  palpi  of  the  scorpion  take  no  share  in  the  formation  of  the 
generative  system  in  either  sex  ;  both  male  and  female  are  provided 
with  a  pair  of  peculiar  comb-like  appendages  {Jig*  164,  d)y  attached 
directly  behind  the  genital  aperture  (ib.  c),  which  is  situated  at  the 
middle  line  of  the  under  and  posterior  part  of  the  abdomen.  Miiller 
has  observed,  that  the  teeth  in  the  comb  of  the  male  scorpion  (Buihus 
Africanus)  are  much  more  numerous  and  smaller  than  those  in  the 
female  ;  but  the  sexes  are  not  otherwise  distinguishable  outwardly. 
The  males  appear  to  be  fewer  in  number  than  the  females. 

Each  testis  of  the  scorpion  is  a  long  and  slender  tubulus,  which 
divides,  and  the  divisions  anastomose  together  to  form  three  loops  or 
meshes  enveloping  the  substance  of  the  liver,  and  connected  with  its 
fellow  by  two  transverse  canals.  A  short  blind  sac  (yesiculd)  and  a 
longer  accessory  glandular  tube  communicate  with  the  termination  of 
the  short  sperm-duct.  The  common  duct  terminates  in  an  oblong 
receptacle,  the  outlet  of  which  is  situated  close  to  the  corresponding 
one  on  the  opposite  side  of  the  body,  at  the  middle  of  the  under  part 
of  the  last  segment  of  the  thorax.  A  small  crenate  papilliform  penis 
projects  from  the  genital  orifice. 

The  tubular  oviduct  of  the  female  scorpion  divides  and  unites  with 
its  fellow  through  the  medium  of  a  third  short  middle  canal,  forming 
three  meshes  on  each  side,  and  a  seventh  longer  anterior  loop  by  the 
terminal  union  of  the  oviducts  before  they  open  upon  the  bivalvular 
vulva :  anterior  to  their  union  each  oviduct  dilates  into  a  sperm- 
reservoir. 

The  ovaria  consist  of  lateral  appendages  going  off  at  right  angles 
from  the  longitudinal  canals,  and  expanding  into  elliptical  sacculi 
before  communicating  with  the  canals ;  the  ova  are  developed  in  the 
slender  blind  free  extremities  or  beginnings  of  the  ovaria,  and  the 
embryo  is  developed  in  the  sacculus,  the  scorpion  being  viviparous. 
The  course  of  its  development,  which  would  be  a  subject  of  great 
interest,  has  not  yet  been  traced.  In  the  separate  outlets  of  the 
sperm-ducts  in  the  male,  and  of  the  oviducts  in  the  female,  the 
higher  Arachnida  manifest  an  analogy  with  the  Crustacea, 
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Alt  gpiilcrs  arc  oripiiroas.     The  motbej*  prepares  ft  soil  aod  wartn 
nest  for  die  eggs,  wUi<:h  she  guards  with  great  care.     If  kepi  from 
tbe  male  the  female  will  laj  inf*irtile  eggs,  and  take  the  snme  cu 
them.     The  Lycosa  ntgabunda  carries  her  cocoou  about  wilh 
if  it  he  removed,  and  a  biill  of  cotton  substituted,  ehe  has  been  koourn 
to  bestow  upon  it  the  same  eare ;  but  when  the  cocoon  was  offered 
together  with  the  cotton  ball,  she  seldom  failed  to  select  her  own  fa- 
brication.    The  Saltica  selects  an  empty  snail-shell  for  her  cochxiii^ 
and  spins  a  silken  operculum  across  the  mouth.    The  E^feira  Jautaia 
encloses  her  e^^^t  which  are  as  big  as  millet-seeds,  in  a  papj^wseoui 
Cell,  surrounded  by  a  cottony  covering,  which  she  then  sugpen«Js  by  ft 
do£en  threads  or  pillars  to  a  larger  chamber  of  silk*     The  whole  iM 
ntioched  to  a  branch  of  a  high  tree,  and  is  guarded  by  the  tnotheTi 
who  quits  it  only  in  extreme  danger,  and  returns  when  this  is  pa^« 

Bonnet,  tinding  in  his  gnrden  the  pit-fall  of  the  larva  of  the  ani 
lion,  took  a  spider  with  her  cocoon,  and  threw  them  in  ;  tJie  spid^ 
crawled  up  the  side  of  the  pit,  but  before  she  could  escape  the  ant*lio 
seized  the  cocoon  and  tore  it  from  the  female ;  she  returned  an 
ecized  it,  and  a  battle  of  some  minutes  ensued.  The  ant-lion,  bov 
♦tver,  succeeded  in  mastering  the  spider  and  retaining  the  cocood 
lionnet  then  rescued  the  mother,  and  placed  her  at  the  margin  of  tli 
pit ;  but  she  refused  to  abandon  her  oflTspring,  and  remained  ther 
passive,  as  if  she  bad  lost  everything  that  was  worth  living  for. 

The  eggs  of  most  spiders  are  spheroidal.     Prior  to  impregnatic 
the  ovum  consists  of  a  yolk  and  delicate  yolk-membrane,  contaiuinJ 
a  large  germinal  vesicle,  whose  nucleus  ahowa  several  nucleoli,  fto^ 
besides  this,  a  peculiar  firm  corpuscle.,  discovered  by  Siebold  * 
Von  Wittich  t,    usually    consisting  of  fine  concentric  layers,  tnor 
seldom  granulated,  and  disappearing  in  the  fully  developed  ova. 

After  one  intercourse  with  the  male  the  Tegennria  civilijs  has  ' 
observed  to  produce  several  sets  of  eggs,  intervals  of  ten  months  oc 
curring  between  each  act  of  oviposition,  and  two  years  elapsing  befofi 
all  the  eggs  were  deposited. 

The  Impregnated  ovum  of  the  spider,  at  its  exclusion,  consists  of  ^ 
large  and  finely  granular  vltellus,  invested  by  the  raembrana  vitelll 
which  is  separated  from  the  chorion  by  a  very  thin  structure 
colourless  liquid,  analogous  to  the  albumen  or  the  white  of  the  henl 
egg.  The  yolk  is  generally  of  a  yellow  colour ;  but  in  some  specie 
of  spider  is  grey,  white,  or  yellow i?jh  brown.  The  germinal  vesiclj 
has  disiippeared.  An  opaque,  white.,  elliptiral  spot  indicates,  at  this 
peiiod,  the  metamorphosed  and  impregnated  centre  from  which  sub- 
sequent development  radiates.     The  previous  changes  which  have 

♦  XXIV,  p.  54.r  t  ccxc. 


ARACHKIDA.  465 

led  to  this  condition  of  the  excluded  ovum,  have  been  ascertained  to 
be  due  to  the  attraction  and  assimilation  hj  the  primary  germ-cell 
and  its  progeny  of  a  small  proportion  of  the  yolk,  which  is  thus  seen 
to  consist  of  a  germ-yolk  and  a  food-yolk.  The  subsequent  processes, 
up  to  the  complete  formation  of  the  young  spider,  have  been  de- 
scribed and  figured  by  the  accurate  and  industrious  Herold.* 

The  germ-mass  consists  of  derivative  germ-cells,  like  minute 
opaque  whitish  granules  of  smaller  diameter  than  those  of  the  vitellus ; 
in  some  species  Herold  observed  what  he  believed  to  be  several 
germ-spots  on  different  parts  of  the  superficies  of  the  yolk,  which 
rapidly  coalesced  into  one  body.  Development  commences  by  expan- 
sion of  the  circumference  of  the  germ-mass,  which,  as  it  expands, 
covers  the  yolk  with  a  semi-transparent  thin  layer,  the  basis  of  the 
future  integument.  Herold  next  describes  the  granules  of  the  germ- 
mass  as  being  decomposed  into  almost  imperceptible  molecules,  in 
which  we  may  recognise  the  ordinary  result  of  the  fissiparous  pro- 
perty of  its  constituent  nucleated  cells  :  their  powers  of  assimilation 
are  at  the  same  time  manifested  by  the  changes  which  they  effect  in 
the  albumen,  at  the  expense  of  which  they  seem,  in  the  first  instance, 
to  increase  their  numbers,  and  diffuse  themselves  over  the  surface 
of  the  vitellus.  This  covering  of  the  yolk  Herold  calls  "  coliqua- 
mentum.*'  He  observes,  that  the  original  position  of  the  germ-spot 
is  indicated  by  a  clear,  transparent  point  (hyaline  ?)  ;  that  this  point 
becomes  thickened,  pearly,  and  opaque,  so  as  to  conceal  the  subjacent 
vitelline  cells.  He  calls  this  the  nucleus  of  the  germ  or  the  cambium 
(jfig,  174,  a).  A  similar  change  progressively  extends  over  the  col- 
liquaraentum  ;  and,  when  one-fourth  of  the  circumference  of  the  yolk 
is  thus  covered,  the  opaque  layer  has  taken  on  a  definite  form, 
174  175  176       a       6 


DeTelopment  of  ^ider. 

resembling  the  figure  8  {Jig,  175),  the  small  and  anterior  division  (a) 
being  the  base  of  the  future  head,  the  posterior  and  larger  one  (6), 
of  the  thorax.  A  fissure  is  next  observed  to  divide  the  cephalic 
{Jig.  176,  a)  from  the  thoracic  portion  (b),  the  two  parts  being 
distinct  at  this  period,  and  determining  the  essential  nature  of  the 

♦  CCXLI.     De  generatione  Aranearum  in  Ovo,  1824. 
H  H 


LKCTUnK   XIX. 


] 


first  great  segoient  of  the  body  in  the  matnrc  sptdo'.     T' 

of  the  thorax  uro  next  seen  to  be  *»utMiivided  on  ench  ^  _    ^h\ 

paralld  asaurea  into  four  segments  ( I,  2,  S,  4-)  i  tkese  are  the  bm 

of  the  opimeral  pieces.     The  part  of  the  opaque 

integument  which  connects  the  two  series  below 

18  the  rudimental  sternum.     A  second  conBtrio- 

lion  begins  to  divide  the  thorax  from  the  «bdo- 

men;  the   mandibles  or  antennae  (jfgr.  177,  ^  ^) 

begin  to  bud   forth    as    two   convex   procesaes 

from   the  anttsrior  part  of  the  head;  the  part 

interTening   between  these    and    the  epimeral 

pieces  forras  the  rudiment  of  the  raaxilla?  (r). 

The  intermediate  labium  also  begins  to  bo  do- 
fined  from  the  sternum.  The  opaque  periplteral 
layer  (c)»  extending  from  the  thorax  to  the  opposite  end  of  the  otuiq 
lays  the  foundation  of  the  ventrnl  integument  of  the  abdomen.  Upoi 
theopnque  integument,  which  is  extending  backwards  over  thedorta 
part  of  the  head,  the  characteristic  group  of  simple  eyes  (rf) 
at  this  time  to  be  distinctly  developed^  and  the  rudimenta 
maxillary  palps  and  of  the  four  pairs  of  thoracic  legs  become 
nizable,  raised  in  relief  upon  the  epimeral  segments;  now,  al 
dorsal  vessel  (/)  appears  along  the  upper  curvature  of  the  abdomen 
and  thus  all  the  chief  characteristics  of  the  future  spider  are  mani 
fested,  whibt  the  great  mass  of  the  vitellus  remains  stiU  viaibl 
through  the  transparent  and  incomplete  lateral  and  dorsal  parts  a 
the  integument. 

The  constriction  between  the  two  divisions  of  the  body  increasea 
the  legs  and  palpi  next  present  slight  traces  of  arttcuhitiona  ;  as  thp; 
increase  in  length  they  cross  the  middle  line  of  the  sternum  anc 
interlock  with  those  of  the  opposite  side-  Tlie  mouth,  the  vent*  an< 
the  wide  alimentary  canal  ore  formed ;  the  integument  is  completed 
as  in  other  Articulata,  by  a  dorsal  cicatrix,  and  in  this  state  tli 
young  spider  breaks  through  the  attenuated  chorion.  The 
shaped  antennae,  the  ceplinlothorflx,  and  abdomen,  are  first  extri< 
and  afterwards,  but  with  more  difi^culty,  the  palpi  and  legs  are  with 
drawn,  A  similar  process  has  soon  to  be  repeated  in  the  existing  oj 
the  ftxstttl  integument,  which  becomes  too  small  for  the  rapid  growtl 
of  the  young  spider.  This  first  moult  always  takes  place  in  th< 
silken  ne&t  uf  the  parent ;  the  young  jfjiider  then  issues  forth^  and  i 
subject  to  repeated  moults  before  acquiring  the  mature  size.  W 
perceive,  therefore,  that  throughout  the  whole  process  of  the  d< 
velopment  of  a  spider,  there  is  nothing  worthy  to  be  called  a  metft 
morphosis.    The  highest  of  the  Articulata  never  acquires  ihe  condiUai 
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of  the  apodal  and  acephalous  worm ;  the  rudiments  of  the  head,  with 
its  eje-specksy  and  of  the  limbs,  are  manifested  before  the  vitelline 
mass  is  included  by  the  abdominal  walls  or  intestinal  membrane: 
the  tripartite  character  of  the  insect — head,  thorax,  and  abdomen  — 
is  faintly  and  briefly  indicated  ;  but,  with  the  first  indications  of  the 
ocelli,  trophi,  and  legs,  the  special  arachnidal  form  is  acquired. 

In  certain  aquatic  Arachnida,  Nymphon,  I^enogonumy  e.  g.,  there 
is  such  a  change  of  proportions  of  the  body  and  limbs  as  might 
deserve  to  be  called  a  metamorphosis ;  but  even  these  first  acquire  the 
Arachnidal  type  before  retrograding  to  a  lower  parasitic  form.  Most 
mites  have  only  six  legs  when  hatched,  but  they  otherwise  resemble  the 
adults,  and  after  the  ecdysis  acquire  the  fourth  pair  of  legs.  The 
young  of  Hydrachna  are  likewise  at  first  hexapod,  and  they  have 
also  a  long  and  large  snout,  like  a  distinct  head.  With  this  they 
pierce  the  bodies  of  water-insects,  and  pass  their  first  stage  in  a 
parasitic  state,  in  which  they  have  been  called  Aehfysus.* 

The  regeneration  of  the  legs  of  the  ^ider  follows  precisely  the 
same  law  as  that  which  regulates  their  reproduction  in  the  Crustacea. 
If  the  limb  be  injured  at  the  tarsus,  tibia,  or  femur,  it  must  first  be 
cast  off  at  the  coxo-femoral  joint,  before  the  process  of  reproduction 
can  commence,  and  this  must  be  preceded  by  a  moulting  of  the  in- 
tegument ;  the  new  leg  being  at  first  of  small  size,  but  with  all  its 
joints  and  appendages,  and  acquiring  the  full  proportions  at  the 
second  moult.  The  palp,  with  the  accessory  generative  organ,  has 
been  reproduced  in  the  male,  and  has  proved  to  be  efficient. 


Class  AEACHNIDA. 

Head  usually  confiuent  with  thorax,  and  provided  with  modified, 
commonly  mandibuliform,  antennie :  no  wings ;  four  pairs  of  leffs. 

Respiratory  system,  when  present,  tracheal,  or  pulmonary,  or 
both. 

Order  Debhophtsa. 

No  distinct  respiratory  organs:  respiration  performed  by  the 
common  integument.     Cephalothwax  multiarticulate. 

Tardigrada,       Legs  rudimentary ;    abdomen  wanting  :    herma- 
phrodite. 
Genera  Maerobiotus,  Emydium,  Milnesium. 
NuLLiQRADA,       Lcgs  rudimentary  ;  abdomen  long  and  slender : 
hermaphrodite. 
Genus  Demadex, 
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KyitmdBd.         Legs  much   devdoped ;  ab<lamen  rudimentary  ; 
bisexuaL 
Genera  I^cnogmium^  Nymphnn,  Amnwih^a^  P&t" 
lencf  Phojciehiius. 

Order  TRAcnEJUiiA, 
piratory  organs  consiating  of  tracbeffi.     Cephalothormx  one  or 


Abdomen  tinarticulnted  and  fusad  with  the  ceplia- 

lothorax.     Palpi  simple. 
Genera    Sarcoptes,     Gi^ryphagiis^   Ttfrogl^hus^ 

MeUehnreSy  Acartm,  Pteropttts. 
JUCHNinM,    Gi'nera   LimnochareM^    Arrcnum^^    Dipiodoninn^ 

Ifydrachfta^  Aia^. 
Genera  Hoplophora,  Orib&tes^  Feiopfi  Dmnmus* 
Genera  Dermanyum^  Urapoda^  Gammus^  Argu$, 
Genns  Ixodes, 
Genera  Bdellm^  Malgtts. 
Genera  Err/thrtEus^    Tromhidium^  SmarMia^  Te- 

tran^ehus^  Pht/neholophm^  Penthale^ts. 
Abdomen  articulated,-  but   indistinctly  separated 

from  the  cephalothorax.     Palpi  simple. 
Genera  Phalangium^  Gontfleptes,  Emurcu*. 

C.  PeEUDOSCORTii,  Abdomen  articulated,  but   indistinctly  aeparated 

from  the  cephalothorax.     Palpi  forficulate. 
Genera  Ohismm,  Chelifer. 

D.  SoLPUGir.  Abdomen    articulated,    distinctly   separated  from 

the  cephalothorax.     Palpi  simple. 
Genus  Galeodes. 

Order  Pulmotrachearia. 

Respiratory  organs  consisting  of  tracheae  and  pulmonary  sacs.    Ab- 
domen and  cephalothorax  unarticulated,  distinct  from  each  other. 
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Genus  Argyroneta. 

Genera  T/ieridion,  Episina,  Linyphia,  Zosis,  Ulo^ 

boruSy    Tetragnatha,  Epeira,  Nyssus,  Agelena, 

Lachesis,  Tegenaria, 
Genera   Artema^    Pholcus,    Latrodictus,    Clothoy 

Drassus,  Clubiona. 
Genera  Clastes,   Sparassus,  Philodromus,  EripuSy 

Selenops,  Thomisus,  Delena, 
Genera   Attus^  Myrmecia^  Dolophene.%  Sphasus^ 

CtenuSy    Dolomcdes,   Lycosn^    OmositeSy    Seges- 


TUNICATA.  469 

triay    Uptiotes,    Dysdera^    SphodroSy   Filistata, 
Oletera,  Mi/gale. 

Order  Pulmonaria. 

Respiratory  organs  consistiDg  onlj  of  pulmonary  lamelligerous  sacs. 
Cephalothorax  unarticulated ;  abdomen  articulated. 
Phsynidjb.         Abdomen  distinct  from  cephalothorax.     Chelicers 
unguiculate 
CrenertL  PhrynuSy  Theliphonus^ 
ScoapiONiDJS.     Abdomen  indistinctly  separated  from  the  cepha- 
lothorax.    Chelicers  forficulate. 
Genera  Scorpio^  ButhuSy  Androctontis, 
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Ths  Articulate  series  of  animals  leads  the  investigator  of  the  ascend- 
ing course  of  organic  development  from  the  Entozoa  to  the  higher 
organised  worms  which  circulate  red  blood,  and  through  the  strange 
and  changeable  forms  of  Epizoa  and  Cirripedia  to  the  Crustacea,  the 
Insecta,  and  the  Arachnida^  in  which  three  highest  classes  of  articu- 
lated animals  with  jointed  limbs,  as  many  diverging  branches  from 
the  common  vermiform  root  seem  respectively  to  terminate. 

Yet  having  attained  these  several  sunmiits  of  the  articulate  branch 
of  organisation,  the  inquirer  still  finds  himself  at  a  great  distance 
from  any  of  the  Vertebrate  forms  of  animal  life.  How  vast  the 
hiatus  which  separates  the  worm  from  the  lamprey,  the  crab  from  the 
tortoise,  and  the  beetle  from  the  bird  or  bat !  He  soon  attains  the 
conviction  that  there  is  no  regular  and  uninterrupted  ascent  in  the 
scale  of  organisation,  as  Bonnet  flancied  ;  no  single  progressive  series 
of  beings ;  no  necessitated  connection  of  such,  as  the  Poet  believed, 
who  sang, — 

"  From  Nature's  chain  whatever  link  we  strike, 
Tenth  or  ten  thousandth  breaks  the  chain  alike."— Pe>p«. 

How  strikingly  illustrative  of  the  subsequent  progress  of  the 
science  of  animal  life  is  this  evidence  of  the  creed  of  the  bard  of 
Twickenham,  in  which  he  has  recorded  in  imperishable  verse  the 
convictions  of  the  most  cultivated  minds  of  his  day ! 

Not  even  the  insight  which  we  now  command  into  the  living  forma 
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tlijif  pnaplt'il  iliis  planet  during  paat  and  remote  epocba  of  its  bblorf, 
uaii  »«ii|*[)1y  ull  the  actual  hmtuses,  and  connect  together  tn  a  Uneir 
•mil  fi  thi'  i^xinting  and  extinct  inpinbers  of  the  Animal  Kiogdofii, 
But  w«can  discern  that  many  connecting  links  in  partial  series  tare 
pciriilicd  (  nnd  wo  know  thnt  the  broken  hypothetical  chiun  of  Nat 
iM^Vi'rthidrnai  cMntinneii  to  Bouri.ih  nod  to  adequately  fulfil  ita  af 
pHint<  d  ivlllcu  in  niaintaining  the  balance  of  the  convicting  inflc 
Cif  increnno  and  decay,  and  the  general  well-being  and  progress  of 
(irgauiu  life  »i[ioti  the  pre*ent  »urfaec  of  tlie  earth. 

If  wi^  would  mak«  a  eloaer  approach  to  the  vertebrate  tjpo  of 
ii**)t*t^>^*^t^**i^«  ^^'*'  ^'^^1^'  retrace  our  etep^,  and.  Again  returning  to  the 
UiuUiiliu  a*oend  by  anolher  and  very  different  series  of  animaU  fron* 
IhiiiK*  which  have  oecupied  our  attention  in  the  preceding  Lectures. 

In  (he  \<  *  In  the  adrance  18  most  conspicuous  in  the  organs 
|»«^OMliiM'  i.  life,  and  was  maaife-sted  in  tlie  powers  of  locooio* 

||nn«  and  in  the  iiiAtinctm  which  are  so  Tanotts  and  wonderful  in  the 

Id  ihc^  Miil)u4ca  the  developmental  eneigies  seem  to  have  been  ex* 
I  ^t^tly  in  the  perfection  of  the  Tegelsl  scries  of  organs,  or 

r  luiit  in  the  immediate  preservatioa  of  the  individual  and 

III  called  on  orronnt  of  the  K>ti  unjuinicl  r.iuure 

id  lh«  imcnt.     Thi*  n^ca tiered  centres  of  the    Mrv.njs 

•^■lv>iii«  ilupo^'  ^ing  to  the  Ileterogangliate  type  of  that  domi* 

nani  •y»lem  oi  *-,^„..o.  is  often  accompanied  with  an  nnsymmetric 
Ini  in  <»f  the  entire  body;  which,  in  compensation  for ^  low  conditio 
nf  tim  perceptive  energies,  ia  protected  in  most  of  the  Species  hy  one" 
iir  more  den  so  calcareous  plates,  called  shells. 

All   Mollusca  have  a  complete  alimentary  canal,   with  mouti 
•Comacb,  intestine,  and  vent ;  and  they  are  provided  with  circulai 
and  respiratory  organs. 

The  nervous  system,  as  has  been  explained  in  the  introductory 
tcH^ture,  consists  of  a  medullary  collar,  surrounding  the  QQSophagii% 
and  communicating  with  more  or  fewer  ganglions  near  the  cesophi^fu^ 
or  dispersed,  osunlly  below  the  alimentary  canal,  in  other  parts  of  i 
body. 

In  a  large  proportion  of  the  lower  organised  Mollusca  there  is  i 
heiid  and  no  brain ;  no  nervous  centre  being  needed  above  the  gut 
for  the  reception  of  the  impressions  received  by  special  organs 
ncnse*     The  inlet  for  the  food  is  simply  a  pharynx  or  beginning 
Ihe  oesophagus,  without  jaws,  tongue,  or  mouth  properly  so  called 
All  other  Mollusca  are  provided  with  a  head^  which  genoralJj  snfi 
piirtfi  feelers  or  soft  tentacula,  eyes,  and  a  mouth  armed  with  Jan 
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The  Molluscous  province  may  thus  be  primarilj  divided  into  Acephala 
and  Encephala, 

The  acephalous  Mollusca  are  all  aquatic,  and  are  divided  into  classes 
according  to  the  modifications  of  their  integument  or  of  their  gills. 

The  Tunicata  are  those  which  are  inclosed  bj  an  elastic  gelatinous 
uncalcified  integument ;  they  breathe  either  by  a  vascular  pharyngeal 
sac,  or  by  a  riband-shaped  gill  stretched  across  the  common  visceral 
cavity* 

Hunter,  who  had  anatomised  the  typical  forms  of  this  class,  and  had 
recognised  the  homology  of  their  flexible  case  to  the  shells  of  the 
bi valves,  to  which  moUusks  he  saw  that  Banks's  ''Dagyza**  and  the 
''Squirters'^of  our  own  shores  were  most  nearly  allied,  grouped  to- 
gether the  Salpa  and  AsciduBy  as  they  are  now  called,  into  a  natural 
family,  which  he  termed  ''  soft-shelled ; "  *  this  family  J  s  the  same  as 
that  afterwards  defined  and  called  ^'  shell-less  Acephala ''  by  Cuvier, 
and  Tunicata  by  Lamarck.     All  the  other  Acephala  have  a  shell. 

The  Brachiopoda  are  defended  by  a  bivalve  shell,  have  two  long 
spiral  arms  developed  from  the  sides  of  the  mouth,  and  respire  by 
means  of  their  vascular  integument  or  mantle.  One  valve  of  the 
shell  is  applied  to  the  back,  the  other  to  the  belly  of  the  animal, 
which  is  attached  by  its  shell  or  a  pedicle  to  some  foreign  body. 

The  Lamellibranchia  are  bivalve  conchiferous  Mollusca,  which 
respire  by  gills  in  the  form  of  vascular  plates  of  membrane  attached 
to  the  mantle.  One  valve  is  applied  to  the  right  side,  the  other  to 
the  left  side,  of  the  animal.  The  common  oyster  and  mussel  are 
examples  of  this  best  known  class  of  Acephalous  Mollusca. 

The  Encephalous  Mollusca  are  divided  into  classes  according  to 
the  modifications  of  the  locomotive  organs. 

The  Pteropoda  swim  by  two  wing-like  muscular  expansions  ex- 
tended outwards  from  the  sides  of  the  head. 

The  Gasteropoda  creep  by  means  of  a  muscular  disc  attached  to  a 
greater  or  less  extent  of  the  under  part  of  the  body. 

The  Cephalopoda  have  all  or  part  of  their  locomotive  organs 
attached  to  the  head,  generally  in  the  form  of  muscular  arms  or 
tentacula. 

In  the  last  class  only  do  we  find,  in  the  present  series  of  animals, 
an  internal  skeleton,  combined,  in  some,  with  a  shell.  In  the  rest  of 
the  Mollusca  the  hard  parts,  when  present,  are  external ;  but  the 
integument  is  sometimes  uncalcified  and  flexible,  as  in  the  low  organ- 
ised class  which  will  occupy  our  attention  to-day,  and  which  in  this 
condition  of  their  exo-skeleton  afford  the  parallel  to  the  cartilaginous 
state  of  the  endo-skeleton  in  some  of  the  lowest  of  the  vertebrate  series. 

♦  X  vol.  L  p.  266. 
*  H  H  4 


472 


UECTDRK  XX, 


To  connect  the  Tunicata  willi  Any  of  the  clasaeft  of  oninmU  which 
we  have  previously  con sidt? red,  it  is  necessary  to  revert  to  the  PalypI, 
for  it  is  in  this  group  of  the  Radinta  that  we  shall  find  the  an i mala 
which  have  the  cloi^est  natural  alliance  with  the  present  class  of 
Moll  u  sea. 

Suppose  a  Bryozoon  to  have  its  ciliated  oral  tcntaculn  redaced  to 
mere  rudiments,  and  to  have  the  pharynx  enormously  expanded,  with 
its  vascular  internal  surface  richly  beset  with  %*ibratile  cilia  ;  it^ivouldj 
then  be  converted   into  an  Ascidian,  and  tlie  transition   from  the] 
Bodiated  to  the  Molluscous  series  would  be  effected;— ao  easily,  as  it 
would  seem,  and  at  the  expense  of  so  slight  a  cltange  of  any  essential  j 
atructure,  that  some,  according  to  the  importance  they  may  attach  uA 
the  Zoologist*8  definitions,  groupings,  and  divisionSt  might  be  di«- ' 
posed  to  blame  the  present  entry  upon  the  molluseoos  type  of  orgmD- 
iaation  by   the  class  in  which  the    respiratory  organ   id  dtstinctlj 
developed  and  the  polype-form  abandoned.     It  is  chiefly  by  reason  ofj 
the  external  character  of  the  crown  of  radiating  tentacle-s  that  the! 
Bryozoa  have   been  placed   in    the   radiated   sub-kingdom«      TbeirJ 
minute  size,  fixed  position,  composite  aggregation,  and  gemmiparousf 
propagation   added,  doubtless,  to  the  belief   in  their  being  Polypi. 
But  relations  of  size  have  no  vnlnc  in  classification  ;  the  mouse  is  as  ^ 
good  a  mammal  as  the  elephant.     The  choice  of  their  position  mainly 
depends  upon  the  importance  assigned  to  certain  phenomena  of  de- 
velopment (p,  153).     According  iis  the  Naturalist  calls  the  Flustra  a.j 
polype  or  a  moll ask,  he  exemplifies  his  mode  of  interpreting  the  sig-1 
nifi  cation  of  the  diflfcrence   between  the   ciliated   gem  mule  of  tbo 
Flustra  and  the  cercariform  larva  of  the  Polydinum,  of  the  resem- 
blance of  the  bristled  coriaceous  ovum  of  the  fresh-waler  Alcyonella 
to  that  of  the  fresh-water  Hydra,  and  of  the  difference  of  both  from 
the  ovum  of  any  known  compound  Ascidian.      If  these  significant 
indications  of  the  fundamental  affinity  of  the  Polypes,  with  the  re- 
tention of  the  polyi)e-form,  and  the  absence  of  a  respiratory  organ 
the  highest  of  that  class  should  beget  a  doubt  as  to  the  propriety  1 
of  calling  aBryosoon  a  Mollusk,  and  thereby  losing  the  advantage  of 
the  latter  term  as  a  definite  and  intelligible  sign  of  a  certain  advance 
of  organisation,  the  comparative  anatomist,  whilst  admitting  the  full 
amount  of  the  affinity  of  the  Bryozoa  with  the  Tunicata,  and  thereby 
illustrating   his  view  of  the  Molluscous  series  as  constituting  a  great 
parallel  branch  of  the  animal  kingdom  with  the  articulate  series  V 
may  anticipate  a  verdict  in  favour  of  his  judgment,  in  the  necessarily^ 
artificial  mode  of  successively  treating  of  the  different  types  and 
grades  of  organisation,  if  he  should  select  the  compound  Aseidians  aa 
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the  point  at  wliich,  for  his  m^eda  of  description  and  generalization,  he 
eevers  an  unequiToeally  natural  series  of  animals  from  tlie  wide* 
spread  root  or  base  from  which  it  springs. 

The  Biyozoa  and  many  Tunicata,  after  their  severally  distinct 
modes  of  larval  locomotive  life,  become  rooted,  like  plants :  some 
Tunicata,  moreover,  form  groups  of  individuals  united  together  by 
a  common  organised  external  integ^ument ;  the  present  order  of 
the  class  consists,  in  fact,  of  compound  and  simple  Ascidians.  I 
shall  Hrst  demonstrate  the  organisation  of  thia  group  by  the  larger 
examples  of  the  simple  or  solitary  Ascidians  *,  which  do  not  essen- 
tially differ  in  anatomical  structure  from  the  compound  specieSf 
whose  small  size  renders  this  a  subject  for  microscopic  investigation. 
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The  exterior  tunic  of  the  solitary  Ascidian  {fig-  178.)  is  a  thick 
gelatinous  or  coriaceous  elastic  substance,  adhering  by  its  base  or  by 
a  long  flexible  peduncle  to  some  foreign 
body,  and  perforated  at  the  opposite  end 
or  at  the  side  by  two  apertures  {a  and  i\ 
The  exterior  of  this  tunic  is  sometimea 
rough  and  warty,  the  inner  surface  always 
smooth  and  lubricous.  Microscopically 
examined,  it  consists  chiefly  of  a  conglo- 
merate of  non-Dueleiited  cells  like  the  pa- 
renchyma of  Cacti ;  chemically  analysed, 
100  parts  of  the  tissue,  free  from  ash  and 
water,  gives  of  carbon  4o*38,  Hydrogen 
6*47;  being  the  same  composition  as  the 
"cellulose  **  of  plants-f  This  non-aaotised 
tissue  is  traversed  by  large  blood-vessels, 
and  towards  its  inner  surface  crystals  and 
nuclei  are  abundant  in  the  clear  homo-  , 
geneous  basis.  The  lining  membrane  is 
composed  of  a  layer  of  polygonal,  nucle- 
ated i  epithelial  cells. 

The  second  tunic  is  muscular;  it  ad- 
heres to  the  outer  tunic  at  the  circumfe- 
rence of  the  two  orifices,  and  is  connected 
to  it  by  blood-vessels  at  a  few  other  poiuts  ;  elsewhere  it  is  quite  free, 
and  the  opposed  surfaces  of  the  intervening  space  between  the  mus- 
cular and  elastic  tunics  has  the  aspect  of  a  serous  cavity*  Its  fine 
fasciculi  of  fibres  are  remarkably  distinct,  and  are  arranged  in  two 
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Iftyera, — the  external  circular,  the  internii]  longitudinal.    Tlie  fibres 
or  fasciculi  of  tbe  outetr  lajrer  are  gnialler  than  those  of  the  inner  ona 
and  less  regularly  disposed.     They  describe  regular  eirclfs  around  th^ 
processes  leading  to  the  oritlces  of  the  shell.  Other  fibres  of  the  out« 
layer  pass  transversely  from  one  tube  to  the  other.    The  longitudinal 
fasciculi  radiate   from   the   two   orificeSt  and  decussate  each  otlie 
winding  round  tbe  bottom  of  the  sac     Deeper,  again,  than  this  loye 
there  is  a  sphincter  surrounding  the  base  of  each  tube^  or  orifice*  fvoveT 
which  Q  third  more  delicule  layer  of  longitudinal  fibres  is  given  off. 

Of  the  two  more  or  less  protuberant  and  stellate  apertures  in  th 
outer  tunic,  one  {b)  loads  directly  into  the  muscuUr  sac,  the  otlier  (<|J 
into  a  wide  vascular  branchial  sac  contained  in  the  muscular  on€ 
The  entry  to  the  branchial  snc  is  defended  by  a  circle  of  short   ten 
tacles  (JigM9,fy  The  sac  is  dissected  away  in  this  figure,  Tbe  i 
surface  of  the  sac  is  marked  by  parallel 
and  equidistant  transverse    lines*  the 
interspaces  of  which  are  divided  into  a 
series  of  narrow  vcrtjcal,  perforated, 
and  richly  ciliated  compartments :  two 
Opposite  narrow  longitudinal  tracts  are 
entire  C/^^r*.  180,  184,/,/).   A  groove 
along  that  which  traverses  the  larger 
curvature    of    the  sue   leads    to    the 
mouth — an  orifice  (^fy,  179,  «)  at  the 
bottom  of  the   branchial    sac,   which 
conducts,  by  a  short  cesophageal  canal, 
to  the  stomach  (b) ;  this  is  an  oblong 
cavity,   with  longitudinal  folds,     Tbe 
intestine    is    disposed    in    a   sigmoid 
flexure,  adheres  to  the  outride  of  the 
branchial   and  the  inside  of  the  mus- 
cular  sac,  and  terminates    by   a  flm« 
briated  anal  aperture  (c)  near  tbe  base 
of  tbe  second  orifice  of  the  tunic  (d). 

The  liver  consists  of  blind  folliclea, 
produced  into  tubes  which  anastomose,  surrounding  more  or  less  of 
tbe  intestine,  as  by  a  net-work,  and  ultimately,  at  least  in  Cynihm 
tuherculata,  communicating  with  the  stomach  by  a  single   apertare|l 
from  which  a  groove  is  continued  towards  the  cardia. 

The  heart  (A)  ia  a  simple,  elongated,  vasiform  muscle,  inclosed  in 
a  pericardium,  attached  to  the  brancliial  sac  ;  continued  at  either  end 
into  ft  vessel;  the  ramifications  of  one  being  expended  chiefly  upon  J 
tbe  respiratory  organ ;  those  of  the  other  upon  the  tunics  of  the  body  J 
or  speedily  expanding  into  sinuses  surrounding  the  viscera*     Ac- 
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cording  to  the  direction  of  the  circulating  carrents  the  one  trunk* 
vessel  will  be  an  artery,  the  other  a  vein,  and  the  circulation  itself 
will  be  pulmonic  or  systemic 

The  nervous  system  must  be  first  sought  for  in  the  interspace 
between  the  two  openings  of  the  muscular  tunic ;  there  you  will  find 
a  ganglion  (g\  from  which  it  is  not  difBcult  to  trace  filaments 
diverging  to  each  aperture  of  the  aac  where  the  circular  disposition 
of  the  muscular  fibres  prevails;  other  branches  accompany  the 
longitudinal  fibres,  and  supply  the  respiratory  sac ;  two  contiguous 
filaments  are  continued  to  the  oesophageal  orifice. 

Eight  pigment-  or  eye-specks  have  been  detected  at  the  entrance 
of  the  respiratory  tube ;  and  six,  of  a  deep  yellow  colour,  at  the 
entrance  of  the  anal  tube. 

In  the  animal  manifesting  this  organisation,  which  is  much  richer 
unquestionably  than  the  amorphous  and  rugged  exterior  would  seem 
to  promise,  the  only  vital  actions  obvious  to  ordinary  vision  are  an 
occasional  ejection  of  water  from  the  orifices  of  the  tunic  by  a  sudden 
contraction,  succeeded  by  a  alow  and  gradual  expansion.  Such  con- 
tractions and  expansions,  aided  by  the  ciliary  currents,  and  the 
peristaltic  movements  of  the  alimentary,  circulating,  and  secerning 
tubes,  are  all  the  actions  which  the  organic  machinery  has  to  perform 
in  the  living  ascidian. 

The  respiratory  currents  of  sea  water  with  the  nutrient  molecules 
in  suspension  are  introduced  by  the  ciliary  action  through  the 
branchial  orifice  (e,  Jig,  179)  into  the  pharyngeal  respiratory  sac, 
from  which  the  oesophagus  (o)  selects  the  appropriate  food.  The 
alimentary  excretions  and  the  generative  products  are  expelled 
through  the  anal  outlet  (c)  by  the  contraction  of  the  muscular  tunic 

In  consequence  of  the  space  between  this  and  the  outer  tunic  being 
closed,  that  tunic  accompanies  the  muscular  tunic  in  its  contraction, 
through  the  influence  of  the  surrounding  pressure  ;  when  the  moscle 
ceases  to  act,  the  ekstici^  of  the  outer  coat  begins  to  restore  the 
fibrous  sac  to  its  former  capacity,  and  the  surrounding  water  flows 
into  its  cavity,  either  directly  or  by  distending  the  branchial  sac 
We  shall  find  other  instances  of  the  economising  of  muscular  force 
by  the  substitution  of  elasticity  as  we  ascend  in  the  survey  of  the 
molluscous  organisation. 

In  the  small  compound  Ascidians  the  organisation  is  essentially 
like  that  of  the  solitary  species,  but  the  viscera  are  somewhat  dif- 
ferently disposed :  the  cavity  of  the  body  is  longer  and  narrower,  the 
entire  animal  viewed  singly  being  more  vermiform.  In  their  natural 
organic  association  they  are  arranged  in  difierent  modes,  and  under 
different  forms ;  some,  as  the  beautiful  Diazona,  diverging  like  the 
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p«>tala  of  a  compound  flower  from  a  common  baae ;  others,  qjb  llie 
Botryllua,  being  arranged   m  circlca  roand  a  common  central  aper- 

turtv  beneath  which  the  anal  extremity  of  the  intestine  of  ea 
individual  terminates;  whilst  mrniy  of  these  circles  of  individu 
are  aggregated  together,  and  enveloped  in  a  common  cell o lose  tnii 
The  substance  of  this  is.  in  some  3j)eciea,  e.  g*  Lepf&dinum,  crowd 
with  calcareous  granules  ;  in  others,  e.  g#  Botryllus,  it  exhibits 
tixict  fibres. 

In  Jig,  180.,  from  Milne  Edwards'  elaborate  memoir^  Uie  anatc 
of  one  of  the  individuals  of  the  species  which  be  bas    190 
called  AmarotiCium  proU/erum,  extracted  from    the 
common  investing  tunic,  is  displayed,     a  is  the  proper 
or  muscular   tunic,  in  which  most  of  the   fibres  are 
longitudinal ;  it  is  much  more  feeble  than  in  the  so- 
litary Ascidians :  c  is  the  oral  or  branchial  orifice ; 
e,f,  the  branchial  sac  ;  i,  the  anal  or  cloacal  outlet ;  it 
is  protected  by  the  overhanging  valve  i',  which  is  re- 
quii*ed  by  the  compound  Ascidians  on  account  of  the 
excretory  outlet  in  the  ni oscular  tunic  communicating 
with  a  common  cloacal  cavity  in  the  external  tunic, 
around  which  the  individuals  of  the  composite  series 
are  grouped :  j  is  the  ganglion  of  the  nervous  system  ; 
A»  the  short  and  wide  cesophagns ;  4  ^^^  stomach,  the 
exterior  of  which  is  rendered  shaggy  by  tlie  appended 
biliary  follicles ;  w,   is   the    intestine ;  «,  the  anus ; 
a  is  the  heart,  which,  by  its  remoteness  from   the 
branchial  sac,  diflers  more  in  relative  position  from 
its  homologue  in  the  simple  Ascidians  than  any  other 
viBcus ;  it  15  provided  with  a  pericardium  6i  p  13 
the  ovarium;  p"  an  ovum  about  to  escape  through  the 
cloacal  outlet,   willi  the  embryo  ripe  for  exclusion. 
The  most  important  structural  difierence  between  the 
aggregate  and  solitary  Ascidians  is  the  combination  in         '^    ^ 
the  former  of  a  male  apparatus  with  the  ovarium.   In  ^^^^i^"*"*^^ 
/?/7,  180,  g  is  the  testis,  and  r,  the  vas  deferens,  which  terminateaj 
/,  in  the  common  cavity  of  tlie  muscular  tunic.       In  BotrtfUu 
branchial  sac  resembles,  in  ita  relative  size  and  position  to  the  intes- 
tine, that  of  most  solitary  Ascidians, 

Some  of  the  compound  Ascidians  are  ramified,  and  their  tunies  I 
transparent  as  to  permit  the  movements  of  the  internal  organs  to  be 
studied  tn  the  living  animal.  A  very  singular  condition  of  the  circu- 
lating system  has  thus  been  dotected.f     The  blood  actually  moves 
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backwards  and  forwards,  to  and  from  the  heart  in  the  same  vessels, 
as  it  was  supposed  to  ebb  and  flow  in  the  human  veins  before  Harvey's 
great  discovery.  The  oscillation  of  the  currents  is  not  constant  and 
regulai* ;  the  blood  is  received  from  the  vessel  at  one  end  of  the  heart, 
and  propelled  by  a  contractile  wave  into  the  vessel  at  the  opposite 
end :  after  a  true  circulation  has  gone  on  in  this  course  for  a  cer- 
tain period,  a  change  is  observed  in  the  course  of  the  peristaltic 
contractions  of  the  heart ;  the  blood  for  an  instant  stagnates  in  the 
sinuses  and  vessels,  and  then  the  wave  travels  in  the  opposite  direction ; 
the  heart  drives  the  blood  into  the  vessel  from  which  it  had  before 
received  it^  and  the  course  of  the  circulation  is  reversed.  In  the 
compound  Ascidians  the  vascular  systems  of  the  different  individuals 
anastomose  freely  with  each  other.  The  veins  are  in  the  condition 
of  large  lacunar  sinuses.  The  heart  and  vessels  circulate  blood,  not 
water :  if  the  vessels,  as  some  contend,  had  no  proper  tunics  (and 
their  transparency  in  the  living  Ascidians  renders  them,  in  most  of 
the  sinuses,  invisible),  the  sea- water  which  freely  passes  from  the 
branchial  to  the  muscular  cavities  would  flow  into  the  so-called  inter- 
visceral  lacunae^  were  they  merely  such  as  they  seem. 

At  first  sight  it  is  difficult  to  conceive  how  the  fixed  and  compound 
Ascidians  can  multiply  their  race  in  situations  at  a  distance  from 
that  which  they  themselves  occupy.  This  difficulty  has  been  re- 
moved by  MM.  Audouin  and  Milne  Edwards,  who  observed  that 
the  young  of  the  compound  Ascidians  were  not  only  at  their  origin 
solitary  and  free,  but  possessed  the  power  of  swimming  rapidly  by 
the  aid  of  the  undulatory  movements  of  a  long  taiL  They  were  seen 
occasionally  to  attach  themselves  to  the  side  of  the  vessel  of  sea* 
water  containing  them,  and  then  to  recommence  their  course,  as  if  to 
seek  a  more  suitable  point  of  attachment.  After  two  days  of  free 
and  locomotive  life,  they  finally  fixed  themselves;  and,  when  de- 
tached, remained  motionless. 

These  phenomena  are  now  known  to  be  common  to  the  embryo  of 
many  of  the  lower  sedentary  animals.  In  regard  to  the  Ascidians,  it 
has  been  confirmed  by  Sars  in  the  BotryUi  of  the  coast  of  Nor- 
way * ;  by  Sir  John  Graham  Dalyell,  in  a  solitary  Ascidian  of  the 
Frith  of  Forth ;  and  the  embryogeny  of  the  Cynthia  ampulla  has  been 
well  followed  out  by  Prof.  Van  Beneden.f  The  solitary  Ascidiss  are 
of  distinct  sex.  In  the  male  a  generative  gland  (Jig,  179,  A),  generally 
dendritic  in  shape,  occupies  the  concavity  of  the  intestinal  fold,  and 
sends  a  short  and  simple  duct  to  terminate  near  the  anus.  In  the 
female  of  the  Cynthia  tuberculata  there  are  two  ramified  ovaria ; 
the  ovisacs  being  appended  to  the  branches  of  a  central  stem,  passing 
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ftp  by  tlic  Bide  of  the  rectonif  imd  exteodiiig  ov«r  one  eide  of  tlw' 
Urmichiail  g&c* 

lo  these  the  ova  id  difierent  8t4\ges  of  development  may  be  i 
In  Jig.  IdOff  A  flbowd  the  urutnpregnated  ovum  with  the  germinal^ 
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vessel  and  nucleus.  In  b,  the  impregnated  germ-cell  is  multiplying 
itself  at  the  expense  of  the  yolk,  and  inclosing  that  by  a  series  of 
secondary  cells.  As  this  process  goes  on,  the  yolk,  so  subdivided  and 
ftssimilated,  takes  on  a  granular  surface,  as  at  c,  each  granule  or  I 
tubercle  having  Hs  hyaline  nucleus.  By  the  coalescence  of  the  peri- 
pheral layer  of  these  cells,  an  external  membrane  is  formed,  as  p,  on 
the  exterior  of  which  are  oii-like  globules.  An  albuminous  fluid  ts 
now  interposed  between  the  chorion  of  the  egg  and  the  germ-mass. 
A  ftlamentary  body  next  begins  to  be  formed  from  a  part  of  the  ex- 
terior germ -cells  forming  the  basis  of  the  test ;  which  body  bends 
over  the  visceral  mass,  is.  Tliis  body  or  process  progressively  elon- 
gates*  then  uncoils  itself,  liberating  the  rest  of  the  test  with  the 
visceral  mass,  and  becoming  a  freely  vibrating  locomotive  caudal 
appendage.  In  tlie  larva,  as  it  may  now  be  called,  F,  a  shows  the 
anterior  part  of  the  body,  b  what  is  deemed  a  rudimental  eye,  c  is 
the  integunient  In  the  farther  advanced  cercariform  larva,  g,  the 
inner  substance  of  the  caudal  prolongation  is  absorbed,  leaving  the 
cellulose  sheath  empty:  the  nnlerior  process,  o,  is  produced,  and 
«ome  traces  of  a  definition  of  visceral  parts  may  be  detected.  In  a 
the  caudal  appendage  is  lost;  the  stomach  and  intestine  are  recog- 
nisable. In  I  the  young  Ascidian  may  be  recognised  as  such :  a  is 
the  branchial  orifice  with  tentacles  ;  h  is  the  anal  orifice ;  c  is  the  eye- 
Apectk  still  visible,  though  fading  ;  (I,  the  ci  sophageal  nervous  collar  ; 
0,  the  position  of  a  pulsating  sinus;  fyj\  ciliated  circles,  which  are 
rudiments  of  the  respiratory  bag  ;  ^r,  ^,  arc  muscular  bands. 

In  the  genera    PohjcUnum  and  Amarouiuum,  amongst  the  com- 
pound Ascidians,  Milne  Kd wards  has  observed  ihat  the  ovum,  whilst 
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Still  included  in  the  ovarian  mass,  consists  of  the  small  central 
germinal  vesicle,  of  a  granular  vitellus,  and  a  vitelline  membrane. 
In  the  progress  of  the  ovum  to  the  cloacal  cavity,  the  yolk  acquires 
a  deep  yellow  colour,  the  germinal  vesicle  disappears,  and  in  its 
place  there  is  a  nebulous  speck  upon  the  surface  of  the  yolk.  This 
is  doubtless  the  modified  germinal  vesicle,  which  has  come  to  the 
surface  of  the  yolk  to  meet  the  impregnating  influence,  and  has 
undergone  the  changes  by  fissiparous  multiplication,  to  which  I  have 
so  often  had  occasion  to  allude.  Edwards  has  observed  the  contact 
of  the  spermatic  animalculce  with  the  ova  in  the  cloaca. 

The  next  stage  which  he  records  Is  the  granular  or  mulberry 
structure  of  the  vitellus.  The  subdivided  mass  through  which  the 
properties  of  the  hyaline  and  fertilising  principle  have  been  diffused, 
is  next  covered  by  what  appears  to  be  the  expansion  of  the  germ- 
spot,  or  a  propagation  from  that  centre  of  nucleated  cells,  closely 
pressed  together  into  hexagonal  forms,  constituting  what  Herold 
calls  the  ''  cambium  "  in  the  spider's  ovum,  and  forming  the  basis  of 
the  integument  A  process  of  this  integument  then  begins  to  extend 
from  a  particular  point,  and,  rapidly  elongating,  wraps  itself  like  a 
cord  about  the  vitellus.  This  body,  with  its  integument,  next  be- 
comes condensed,  and  separates  from  the  chord,  which,  retaining 
only  its  basal  attachment  to  the  pellucid  integument,  forms  the  cau- 
dal appendage.  The  integument  {^Jig.  181,  a)  increases  in  thickness. 
The  extremity  of  the  yolk  opposite  the  caudal  attach- 
ment  developes  a  series  of  cylindrical  productions. 
Three  of  them  have  expanded  extremities  {h'\  h") 
which  increase  in  length  ;  whilst  the  other  processes  di- 
minish, and  finally  disappear.  A  spiral  filiunent  is  con-  ' 
tinned  from  the  membrane  of  the  vitellus  down  the 
centre  of  the  tail. 

In  this  state  the  embryo  escapes  from  the  ovum,  gene- 
rally while  in  the  cloaca  of  the  parent,  but  sometimes 
after  the  ^g  has  been  expelled  from  the  common  central 
outlet.  The  young  animal  immediately  unfolds  its  tail, 
and  begins  to  swim  like  the  tadpole  of  the  frog,  which 
it  so  much  i*esembles  in  form.  The  three  clavatc  cephalic 
processes  are  the  organs  by  which  Edwards  believes  it 
effects  its  final  adhesion  and  settlement  When  this  has 
taken  place,  the  tail  shrinks,  and  is  usually  detached  by 
progressively  increasing  contraction  at  its  base;  —  a 
kind  of  spontaneous  fission. 

The  sessile  and  adherent  trunk  now  becomes  the  seat  of  an  active 
development :  the  integument  is  thickened ;  the  germ-mass  becomes 
elongated  and  divided  by  a  circular  constriction  into  two  unequal  parts, 
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wbicU  ftcverally  open  a  passage  constituting,  the  one  an  oral,  the  otli 
an  anal,  orifice.  The  subdivided  germ-muss,  which  now  liegins 
be  rapidly  motamorphosed  into  the  special  tidsues^  also  acc| aires 
distinct  tunic,  which  soon  scpMralos  itt*df  fjoin  the  thick  and  geia^ 
tinous  cxternul  iutegutnent.  The  qtiadrifid  oriiice  of  the  brabcUial 
•ac  is  first  formed  upon  the  internal  tunic.     The  eontoorof  tl  tj 

Inspiratory  pharynx  can  nt-xt  be  discerned,  aod  tfie  con^trfcti^ 
eac  opposite  to  the  mouth,  wbicli  indicates  the  oesophagus.  Aboa| 
the  sumc  time  may  be  seen  the  outline  of  the  anal  orifice  upon  the 
internal  integtiment ;  then  the  opaque  yellow  tunics  of  the  dtkttd 
atom jicht  and  the  reflected  intestine  appear;  and  below  these  par 
the  pulsations  of  the  large  transparent  vasiform  heart  render  tlialj 
organ  conspicuous.  Around  each  external  orifice  some  roamminoid 
processes  bud  out,  which  first  lengthen,  then  become  lost  in  the  thick^j 
ening  integuraent.  The  eye-speck  continues  for  some  little  time,  and 
is  situated  in  the  middle  of  the  nervous  collar.  At  the  base  of  tlia 
abdomen  the  opalic  concretionary  body  appears*  to  which  the  heart  is* 
subsequently  attached,  and  which  is  provided  with  vibratile  cilia. 

The  wholo  of  the  viscera  included  by  the  smooth  integument  have 
been  observed  to  rotate  in  the  cavity  formed  by  the  thick  gelatinous 
tunic,  to  which  the  visceral  mass  again  becomes  attached  by  the  ad 
hesion  of  the  muscular  tunic  at  the  branchial  and  anal  orifices,  and" 
by  the  establishment  of  corresponding  orifices  in  tlie  integument. 

Savigny  was  of  opinion,  that  the  ovum  of  the  compound  Ascidiar 
contained  the  germs  of  all  the  individuals  composing  the  characteristid 
groups  in  the  mature  aggregate  animal,  and  that  their  developmenl 
was  simultaneous.     In  one  sense,  douhtles*?,  the  ovum  contains  th« 
germs  of  all  the  future  individuals  developed  by  gemmation^  in  so  iw 
as  a  portion  of  the  germ-mass  is  retained  unchanged  in  the  body  of 
Ihe  first  developed  individual ;  but  the  cell-progeny  of  the  primar]fl 
germ-cell  constituting  that  germ -mass,  are  not  simultaneously  deve-j 
loped :  nor  does  any  development  begin  until  the  first  individual  il 
completed,  fixed,  and  nourished  by  the  actions  of  its  proper  digestive' 
opparatus.     Thus  stimulated  and  strengthened,  the  second  mode  of 
reproduction,  namely,  that  by  gemmation,  is  superinduced  upon  th6 
young  Ascidian,  after  the  foregoing  development  from  the  impreg* 
nnted  ovum,  which  oflfers  an  interesting  analogy  to  the  phenomena 
presented   by   the   polype-larva  of  the   Medusa.     The   individuals " 
formed  by  the  gemmntion  of  the  primary  bud  of  the  young  Asciilian, 
instead  of  being  detached,  are  retained ;  the  process  of  gemmatioil 
being    regulated    so    as   to    produce    the    characteristic    pattern    iii 
which  the  different  individuals  are  grouped  in  the  mature  compounclj 
animal. 
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'  Ejsenhardt*'  has  observed  the  act  of  gemmation  in  a  simple  As* 
cidian.  In  this,  as  in  the  compound  kinds,  gemmation  commences 
by  the  development  of  a  small  tubercle  from  the  abdominal  portion  of 
tlie  internal  tunic  of  the  young  Ascidian.  This  is  prolonged,  retain- 
ing an  active  circulation  in  its  interior,  and  is  accompanied  by  a  cor- 
responding growth  of  the  outer  gelatinous  integument,  which  becomes 
clavate.  The  process  then  bifurcates  ;  the  divisions,  in  like  manner, 
becoming  elongated,  expanded,  and  bifurcated  at  their  extremities. 
Soon  the  outline  of  an  Ascidian  is  sketched  in  each  of  these  extremi- 
ties. The  primitive  connection  with  the  parent  is  obliterated  ;  but 
the  young  individuals  remain  united  together  by  their  common 
peduncle,  according  to  the  law  which  determines  their  mode  of 
grouping  into  systems.  By  the  progressive  increase  of  their  outer 
gelatinous  integument  they  coalesce  and  form  the  compound  mass. 

The  procreative  force  of  the  germ-mass  finally  exhausts  itself  in 
the  formation  of  the  male  and  female  organs  ;  in  which  that  force  is, 
again,  mysteriously  renewed,  under  its  two  forms  of  the  sperma- 
tozoon and  the  germinal  vesicle,  by  the  combination  of  which  tlie 
reproductive  cycle  again  begins  its  course.  On  comparing  this  course 
of  development  with  that  in  the  Bryozoa,  p.  151,  I  may  again  request 
attention  to  the  genetic  difference,  in  addition  to  the  absence  of  the  crown 
of  radiating  tentacles  and  the  presence  of  the  vascular  respiratory  sar, 
which  distinguishes  the  compound  Ascidians  from  the  Bryozoa,  and 
wliich  seems  to  have  been  overlooked  by  those  who  would  call  the 
latter  MoUusks.  No  compound  Ascidian  quits  the  ovum  as  a  ciliated 
gemmule,  swimming  by  means  of  groups  of  those  vibratile  organs 
aggregated  in  lobes,  after  the  type  of  the  Rotifera  ;  and  no  Bryo- 
zoon,  so  far  as  I  know,  quits  the  ovum  in  the  guise  of  a  tadpole  or 
cercarian,  swimming  by  the  alternate  inflections  of  a  caudal  ap- 
pendage. 

If  the  term  Appendicularia  should  not  prove  to  have  been  applied 
to  a  caudate  larve  of  some  fixed  species,  that  genus  will  permanently 
represent  the  transitional  locomotive  stage  of  the  rest  of  the  Asci- 
dians. Its  organisation  does  not,  however,  lead  to  the  next  division 
of  the  class. 

A  connecting  link  between  the  Ascidians  and  Salpians  is 
afforded  by  certain  compound  fioating  gelatinous  Tunicata,  e.  g. 
the  phosphorescent  PyrosomcL^  the  individuals  of  which  are  per- 
manently aggregated  into  a  compound  organic  whole  having  a 
definite  form,  like  a  flattened  cylinder.     The  common  tegumentary 
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mass,  of  wliicli  a  portion^  including  three  individualdy  la  shotrn  Ski 
fig,  183,  is  tougbisli  and  semi- 
transparent*  The  tubercles  with  jPa 
which  its  exterior  is  covered^ 
consist  each  of  one  end  of  iin 
individual  metnber  of  the  living 
group  {d  d)\  the  oppoaile  end 
of  the  individual  (Z>  ^),  opens  into 
the  cavity  of  tlie  cylinder.  Be- 
sides the  cornmou  envelope,  each 
individual  ha^  a  distinct  tunic 
or  mantle  attaclied  at  the  oral  or 
branchial  orifice  (it,  b),  at  the 
annl  orifice  {h\  and  also  to  the 
two  rounded  bodies  (A)  at  tbe 
upper  part  of  the  branchiie. 
These  (/y*)  are  two  in  number, 
oval  in  form,  with  their  dorsal 
borders  in  contact  and  attached 
to  the  mantle,  and  their  ventrul 
borders  separated  by  a  large 
5inu.^(i);  their  numerous  ves- 
sels anastomose  at  right  angle.s 
and  tlie  covering  tisaue  is  beset 
with  vibratile  cilia,  which  per- 
form vortex -like  movements 
with  beautit'ul  harmony  and 
rapidity.  The  oDsophagus  is  curved,  and  of  a  bright  red  colour  :  th{ 
8tomach  (d)  is  suhglobular,  yellowish^  and  opake :  the  intestine 
short,  bent  abruptly  on  itself;  the  anus  (/*)  directed  backward! 
towards  the  posterior  orifice.  The  liver  (tf)  is  a  globular  gland,  witl 
converging  segments:  it  is  attached  to  the  intestinal  loop.  Thesi 
viscera  are  situated  posterior  to  the  branchial  sac,  leaving  a  fre< 
passage  to  the  water  which  traverses  that  cavity.  The  nerve-gang* 
lion  (y)  lic3  upon  the  anterior  end  of  the  branchial  sac.  The  hear! 
18  placed  at  the  posterior  part  of  the  body,  below  the  visceral  mftsu 
III  fig^  0|  k  represents  an  ovum,  and  the  part  marked  ^  ta  B» 
supposed  by  Savigny  to  be  an  oviduct :  but  the  precise  condition  of  tb 
generative  organs  in  the  Pyrosoma,  is  at  present  not  clearly  made  out. 
The  second  order  of  the  Tunica ta  includes  the  Sal  plans,  whiet 
float  in  the  sea,  and  are  characterised  by  their  transparent  elastic 
outer  tunic^   which   is   elongated,  compressed,  and  open    at  boti 
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extremities.  The  efferent  orifice  (Jig.  184,  It)  is  simple  and  tu- 
bular :  it  can  be  closed  bj  a 
sphincter  when  the  outer  tu- 
nic expands,  the  water  then 
flowing  in  by  the  opposite 
orifice :  this  is  in  the  form  of 
a  transverse  slit,  having  an 
upper  lip  (a)  and  a  lower  one 
{g) :  the  latter  forms  a  semi- 
lunar valve,  allowing  the  entry 
and  preventing  the  exit  of  water.  The  muscular  fibres  of  the  mantle, 
or  membrane  lining  the  cartilaginous  tunic,  are  arranged  in  flattened, 
often  subannular  bands;  their  elementary  fibre  is  plicated.  The 
mouth  and  stomach,  the  liver  and  the  heart,  are  aggregated  in  a  small 
mass  or  *  nucleus' (c),  near  the  anterior  aperture  of  the  tunic ;  the  intes- 
tine extends  towards  the  opposite  aperture,  and  terminates  freely  in  the 
common  cavity  of  the  mantle.  The  intestine  in  Salpa  gibbosa  has 
two  csBca  which  project  into  the  centre  of  the  loop.  In  Salpa  zonaria, 
the  liver  envelopes  nearly  all  the  intestinal  canal,  and  consists  of 
a  mass  of  csecal  tubes,  with  a  few  small  appendages  near  their 
free  ends.*  The  group  of  small  yellowish  ganglia  is  situated  just 
above  the  posterior  attachment  of  the  branchia:  near  it  is  often 
observed  a  pigment-speck  or  ocellus  (/).  A  single  narrow  plicated 
ribband-shaped  branchia  (d)  extends  obliquely  lengthwise  across  the 
pallial  cavity.  The  heart  (e)  is  elongated,  and  in  some  species  slightly 
curved  and  sacculated ;  it  communicates  with  a  large  vessel  at  each 
extremity,  one  of  which  is  ramified  principally  upon  the  visceral 
mass ;  the  other  upon  the  branchia  and  the  muscular  tunics.  The 
blood  passes  into  extensive  venous  sinuses  before  returning  to  the 
heart :  its  course  is  oscillatory,  as  in  the  Ascidiaift. 

The  sexes  are  distinct  in  the  Salpians,  as  in  the  solitary  Ascidians. 
The  testis  is  described  by  Krohn  as  of  an  oblong  form,  single,  lodged 
in  the  centre  of  the  nucleus  in  Salpa  maxima^  in  which  it  consists  of 
numerous  delicate  seminiferous  tubes,  filled  with  a  white  fluid,  and 
opening  by  a  short  canal  into  the  common  cavity  of  the  body.  The 
two  oblong  bodies,  sometimes  of  a  violet  colour,  attached  to  the  mantle 
at  the  dorsal  aspect  of  the  test,  have  been  regarded  as  ovaria.  Sars, 
however,  aflirms  that  the  solitary  individuals  of  the  Salpae  are  sex- 
less. The  germinative  tube,  in  which  the  chain  of  young  salpas  (^g. 
185.)  is  contained,  winds  round  the  visceral  nucleus,  hanging  freely 
by  one  end  in  the  cavity  of  the  mantle,  and  being  attached  by  the 
othei;  end  to  the  back  of  the  nucleus. 
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The  only  conspicuous  vital  action  in  the  Salpians  ia  ihe  rlijtiinti 
rontraction  and  expansion  of  the  niiintk  \  in  which  the  ela^ticitj  af  ^ 
the  outer  tunic  antagonises  the  muscular  contraction  of  the  inner  one. 
During  expansion,  the  sea-water  enters  hy  the  aperture  (a),  and  is  ex*j 
pelled,  in  contraction,  by  the  opposite  one  (b\  its  exit  by  the  first  ftpet^ I 
ture  being  preventpd  by  the  valve.     The  re-action  of  the  jet,  whicli^ 
is  commonly  forced  out  of  a  contracted  tube,  occasions  a  retrograde 
movement  of  the  animal.     The  currents  which  success! v^ely  traverse 
the  interior  of  the  animal   renew  the  oxygenated  mediuro  upon  the 
surface  of  the  respiratory  organ,  bring  the  nutrient  molecules  within 
the  reach  of  the  prehensile  subspiral  labial  membrane  of  the  month,  i 
and  expel  the  excrements  and  the  generative  productsip    Thus,  a  single 
act  of  muscular  contraction  is  made  subservient,  by  the  ailmirable  co- 
adjustment  of  the  difterent  organs,  to  the  performance  of  the  func-  i 
tions  of  locomotion,  nutrition,  rt.'spi ration,  excretion,  and  genemtton*  I 

The  aggregate    Salpians   quit    their  gemmi parous    parent 
ciated   together  in  long  chains.     In  ^£^.  18.>,  a,  b  indicates   part  of 
,^^^  the  first  set  of  young  Salpie: 

c,  d  h  the  second  set :  «»/  is  the 
third  set:  <;ia  the  stem  with  its 
germs:  h  shows  the  anterior  ori- 
fices: f  tare  the  visceral  masses;  | 
j  j,  the  ganglia  J  k  A,  the  pos- 
terior orifice;  /,  the  vessels;  and  | 
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w,  llie  muscular  band  of  the 
branchial  sacs.  After  tioating 
for  a  certain  time,  each  indi- 
vidual, as  Dr.  Ch ami 880  first 
discovered,  propagates  a  young 
one  like  itself.  The  solitary 
Sal  pa  propagated  by  each  in- 
dividual of  the  chain,  is  the 
product  of  an  inipregnnteil  ovum,  and  is,  for  a  time,  suspended  by  a  pe* 
duncle  from  the  dorsal  wall  of  the  visceral  cavity  of  the  parent.  In  the 
Salpa  zonaria,  however,  as  many  as  three  of  such  pedunculated  young 
have  been  found  in  one  parent.  When  liberated,  the  solitary  Sal  pa 
grows  to  the  size  of  the  grand-pfi  rent,  and  then  brings  forth  a  social  chain 
of  young  Salpie,*which,  by  the  exercise  of  their  uniparous  generation, 
again  give  origin  to  the  solitary  and  multiparoua  individuals.  Thos,ob* 
serves  Chamisso,  only  the  alternate  generations  resemble  each  other. 
The  case  is  strictly  analogous  to  the  generation  of  the  compound 
Ascidians,  of  which  the  solitary  young  gives  origin*  by  gemmation,  lo 
a  connected  group,  each  individual  of  which  again  procreates^  by 
impregnated  ova,  free  individuals. 
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The  Brachiopo^s,  like  the  Ascidian?,  are  deprived  of  the  power  of 
l'>coinotioii,  and  are  attached  by  tlieir  shell  or  by  a  peduncle  to 
fureign  bodies.  Their  muscular  tunic  or  mantle  is,  as  tt  were,  slit 
open>  and  consists  of  two  broad  membranous  expansions,  called  "  pal- 
Hnl"  lobes,  which  are  covered  by,  and  closely  adhere  to,  two  cal- 
careous plates,  adapted  to  enclose  and  defend  all  the  soft  parts  of  tho 
animal.  The  branchial  ^ac  may  be  supposed  to  be  equally  cleft  and 
adherent  to  the  muscular  one,  so  as  to  form  the  interual  vascular 
layer  of  the  pallial  lobe. 

The  lirachiopods  have  left  their  testaceous  remains  in  the  most 
nncient  deposits  known  to  contain  evidence  of  animal  life :  they  flou- 
rished during  the  palfeozaie  and  secondary  periods,  and  are  most 
abundant,  and  exemplilkd  by  the  most  varied  forms,  in  the  fossil 
state.  They  are  now,  of  all  Mollusks,  the  most  widely  diflused  over 
the  earth *8  surface,  and  they  can  exist  at  greater  depths  than  most 
other  bivalves:  they  are  thus  amongst  the  oldest  of  existing  forms  of 
animal  life,  and  their  range  in  time  is  as  extensive  as  in  space* 

Of  the  few  existing  genera  of  this  singular  and  beautiful  order  of 
shell-fish,  the  Lmgula  is  characterised  by  iis  long  peduncle,  and  by 
the  equality  of  the  valves  of  its  shell,  neither  of  which  are  perforated : 
the  Orbicula  {Discina^  Lam.)  ia  sessile,  and  adheres  by  one  end  of  a 
short  transverse  muscle,  whicli  perforates  the  ventral  valve  of  the 
sbell,  which  is  the  flatter  valve.  The  Tcrehraitda  (^figs.  186  and  187) 
IS  ntlnched  by  a  short  peduncle  (j6),  which  projects  throagh  a  hole  in 
a  beak-shaped  prolongation  of  the  ventral  valve  (v),  whirh  is  the  more 
convex  one.  To  the  dorsal  valve  (d)  is  attached  the  internal  cal- 
careous process,  usually  in  the  form  of  an  elastic  loop,  and  called  the 

a pophysary  system  (fi,  h^  c?,  ^^ff* 
187)*  The  subdivision  of  the 
genus  Terebrntnla*,  the  most  cha- 
racteristic of  the  Brachiopods,  and 
the  type  of  the  most  extensive 
'  family  of  the  order,  is  bnsed  chiefly 
on  modifications  of  the  internal 
processes.  The  foramen  in  the 
Ventral  valve  is  usually  more  or 
l<iss  formed  by  a  small  detached  part 
called  the  '*  deltidium."     The  valves  are  articulated  by  two  curved 


TtfrvbraluU  flavciceni. 


•  Pirn.  oiUrthratm,  ^iktUS^ 
f  i  % 


LXCtrKS 


from  tht  I 


»  of  the  ▼eQirai 


Ttiivr.    nnc 


tie  jaiaii 


i  9b1j  ft  Terj  slight  divftf 


1»f  •odncs  IB  tlM  oth 
aitloa  of  tbe  valrea. 

The  Ttaeerm  ftn  mtamtal  «t  dw  pnt  of  ilie  fibdl  next  die  Ktng«  < 
pgdttftde,  Uk^  si«  oottisel  te  •  fvty  oBaQ  spftce  is  ihe  Terc^rtilMA 
The  nsl  of  tte  uitenpan  of  like  bWt  of  tlifi  nittlle  is  tlnioet  etiiirc| 
oecttpicd  l>j  tvo  kttf  &uged  um^  coatiiiaed  finom  ibe  aided  of  th 
moutlw  ftad  ib^oatd  w  Mds  mod  wpML  correfl  (»),  Tbe  bases  i 
ibe  mnu  cro  ciQtitaaBi»  a^  fotm  m  umoffrerM  Ciiiiged  bmnd  aboi 
tbi  nootb :  m  sftrrav  ponlM  fold  of  aeabraoe  ymum  below  ll 
SMMttb  {m\  wbleb  opeu  opou  or  tovarda  tbe  maoUe-lobe  muicbed  I 
tbe  perfomed  vml^e. 

la  tbe  Tkww^rmimlm  mmmmtJM  neb  ariB  extends  oiitwarck»  ftdranof 
forward  cttrres  at%bllj  IsvaTds^  aiid  bcfKb  abniptlj  boek  Ufxi 
llsetf,  tbe  tiro  parte  of  tbe  bead  beb^  eomeete^  together ;  tben  ti 
cttfia  a^D  ctirr^  forward^  aad  beeones  united  to  lite  eorrespondifl 
b^  of  tbe  oppMie  ajv^  tbe  co^joiBed  extnM&ities  deecHbiug  eplr 
eoftYolmioiia;  tbe  besi  porlioos  of  tbe  fringed  arms  are  supported  h 
Ibe  alendrr  and  elasite  ea]car«so«is  loop  (Kj^^-  19*X  vbkh  ia  bci 
back  upon  ita^  (r>  la  tbe  7<r.  donttim  ibe  adrancing  crura  i 
Ibe  loop»  beaide  Ibeir  b^aal  origuui^  are  atuiebed  bj  two  &lead< 
trans rrreo  bars  to  a  median  Hdge  of  tbe  ralve.  In  Ter,  capy 
strpemHi  tbe  crura  are  unit<^  hj  a  deader  arcL,  half  way  Let  wee 
their  ba$ea  and  the  loop,  wbieb  h  sbort  and  not  reflected.  In  TA\ 
cidtHm  tht^  cnlcar«H)us  lou^  is  folded  into  two  or  tnore  lobes,  lying  i 
hi>UuWii  of  the  dorsal  valre.  In  Rk^eAomelia  the  apophjsarj  sjstel 
lit  reduced  to  two  abort  flattened  and  grooved  lamtdhe  attached  to  ll 
Inner  side  of  the  beak  of  tbe  dor^sal  valre.  Bemains  of  more  con 
plicated  internal  calcareous  appendages  are  presented  by  ccrtai 
rxtinot  Brachiopod^  as  the  Spirifer*  In  some  species  of  existir^ 
Trrthraiula,  as  TVr,  (Ekymchonei/a)  psiitaeea^  the  arms  are  wholl 
disposed  in  a  series  of  spiral  folds,  supported  by  only  the  short  an 
simple  calcareous  processes  at  their  base.  The  spiral  arms  of  th 
Orbiculit  and  Z.iMf/fr/(irbave  no  intemid  calcareous  support.  In  alt  tb 
Brachiopods,  the  stem  which  supports  the  bracldal  fringe  is  hoUoiff 
and  the  canal  is  a  closed  cavity  in  each  arm.  In  tbe  7Vi 
Orhiculm  the  spiral  terminations  of  the  arms  ha^e  the  eann 
rounded  by  muscular  tiUres  ;  the  canal  is  filled  with  fluid,  and,  by  i 
contraction  of  these  fibres,  the  extremities  are  extended  by  the  j 
sure  of  the  contained  fluid  which  is  injected  into  them. 

In  most  TerebratuHdw  the  ^shell  is   traversed   by  minute  e^jna 
from  one  surface  to  the  other  nearly  vertically  and  at  regular  diij 
tancea  %  their  external  orifices  are  slightly  expanded.    The  adbeau 
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of  the  mantle  to  the  shell  is  due  to  the  penetration  of  these  pores  hy 
minute  tubular  processes  of  the  external  layer  of  the  miintle*,  which 
are  covered  externally  by  the  epidermis.  The  free  borders  of  the 
mantle-lobes  are  usually  fringed  by  fine  bristle?,  setigeroua  in  Tere^ 
hratula-f,  jointed  in  Lwgula.\ 

The  muscular  ayatena  is  very  complex.  Taking  the  ventral  or 
perforated  valve,  to  which  the  peduncle  is  directly  attached*  as  the 
more  fixed  point,  the  adductores  longi  (Jig,  187,  e^f)  arise  from  a 

single  pyriform  area  at  the  middle  of 
tliat  valve,  a  little  behind  a  line  trans- 
vereely  bisecting  it ;  the  fibres  soon 
become  tendinous,  converge,  and 
group  tlierasclves  into  two  lateral 
'  muscles  forming  a  pair;  each  of  these 
muscles^  as  it  approaclies  the  opposite 
valve>  expands  and  subdivides  into  an 
anterior  and  posterior  portion;  glides 
between  the  stomach  and  the  crus  of 
the  calcareous  loop  of  its  own  side  (p), 
and  is  attached  by  the  dnublc  expanded  insertion  into  the  dorsal  or 
perforated  valve  (d),  the  anterior  division  (f)  is  the  "  adductor  longus 
aiiticus,"  the  posterior  one  (e),  "  adductor  longus  posticus  ;"  but 
both  of  the  so-divided  adductors,  by  reason  of  ibeir  ventral  confluent 
attachment,  maybe  regarded  as  constituting  one  quadneipilal  mu&ck. 
The  action  of  this  complex  muscle  is  directly  to  close  or  adduct  the 
valves,  in  which  action  it  will  slightly  compress  the  hepatic  lobes 
and  stomach.  The  adductor  brevis  {g)  forms  a  symmetrical  pair, 
having  their  expanded  disc  of  attachment  to  the  ventral  valve  ex- 
tended somewhat  in  advance  of  the  confluent  origin  of  the  preceding 
muscles:  the  fibres  of  each  pass  obliquely  backwards^  and  converge 
to  a  small  round  shining  tendon j  the  tendons  passing  on  each  side 
the  intestine  to  be  inserted  close  together  into  the  cardinal  process 
of  the  dorsal  valve  (d).  Their  action  will  be  to  adduct  the  valves ; 
but  with  a  more  oblique  movepient  bearing  upon  the  ventral  valve 
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•  C»rponier»  Report  on  the  Microscopic  Structure  of  Sbi?IU,  Part  IL»  Trane, 
Brit  Association,  IS47,  p.  93.  "In  ihtBu  tubes,  as  will  Uereafter  be  fehoiwa, 
certain  Cfjeeal  apptrndages  of  animal  membrane  are  situated."  —  Quekett,  **  Histo- 
logical Cstalogup/*  vol,  i.  1850,  p.  270.  In  the  same  work  it  is  shovn  that 
"each  perforation  has  a  juries  of  radiating  lines  or  tubcis  on  its  outer  mttrgin  " 
(p.  270).  The  corresponding  part  of  the  membranous  tubes  would  resemble  a 
terminal  brusli  of  vibratile  cilia. 

t  CCCL  pi.  23.  fig.  13.  %  CCCVIIL  taf.  i,  fig.  13. 
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(v),  wliicli  tliey,  as  it  were,  help  to  suspend  from  the  liinge,^aa  1 
fixed  point. 

A  llitrd  poir  of  carne<)-aponeuratic  muscles  (A),  which  pass  from 
vnlve  to  TaJve,  have  both  extremities  nearer  the  hinge^  and^  by  com- 
pressing the  sides  of  the  base  of  tlic  peduncle,  may  aid  in  protruding 
that  part  after  il  has  been  forcibly  retracted  t  these  **  miiscM^i  cardi- 
nahs^**  or  hinge* muscles,  are  attached  by  their  smaller  and  im 
fendinous  extremity  to  the  linear  ridge  between  the  hinge^l 
cavities  and  hinge  plate  in  the  imperforate  valve.  They  arise 
their  larger  and  more  lleshy  ends  from  the  imperforate  valve,  eli 
togclher»  behind  the  common  attachment  of  the  a^iduciores  lon^i, 
rectum  alone  intervening;  some  of  their  fibres  appear  to  be  lost  uj 
the  itidef*  of  the  sheath  of  the  peduncle.  The  proper  muscles  of 
peduncle  consist  of  two  pairs^  for  its  retraction  and  attachment  to 
valves  I  and  of  some  circular  or  transverse  fibres  of  the  ehcat 
whiehv  though  for  the  most  part  of  an  aponeurotic  character,  appear 
to  be  arranged  so  as  to  act  as  compressors  and  elongators,  or  pro- 
tniioni,  of  the  peduncle. 

The  name  retractor  inferiar  {k)  ts  given  to  a  pair  of  muscles  whieli 
trite  from  the  ventral  valve  by  a  thick  cameons  end»  exterior  to  the 
•••dductores  longi  "•  and  ''brevis:'*  the  fibres  pass  obliquely  back- 
wards, and  rapidly  diminish  to  a  tendon  which  penetrates  the  upper 
nnd  lateral  part  of  the  sheath  of  the  peduncle,  and  th»  terminal  fibres 
of  which  appear  to  constitute  part  of  the  peduncle  itself.  This  pair 
nf  inusclrs  serves  to  suspend  the  Terebratula  by  means  of  the  peri 
rnted  valve  to  the  peduncle,  and  forms  the  most  direct  retractor 
that  part,  and  consequently  the  chief  agent  in  such  limited  move* 
inents,  as  the  fettered  slate  of  the  shell  will  allow. 

The  name  **rrirac{or  superior"  (i)  is  applied  to  a  pair  of  musclea 
which  have  a  broad  subtriangular  carneous  origin  from  the  binge- 
plate,  and  a  strong  aponeurosis  extending  therefrom  to  the  crus  of 
the  calcareous  loop  (n) ;  the  fibres  curve  over  the  sides  of  the  swollen 
pnrt  of  the  «'np>ijle  of  the  peduncle  (/),  penctnite  the  capsule^  interlace 
with  the  inserted  fibres  of  the  inferior  retractor,  and  termiuate  for 
the  most  part  in  the  peduncle* 

Some  not  very  clearly  defined,  partly  carneous,  chiefly  tendinoi 
fibres,  which  interlace,  running  mostly  in  thu  transverse  dii'ecti( 
upon  and  in  the  capsule  of  the  peduncle,  nnd  make  up,  in  fact,  a  cl 
part  of  its  substance,  have  a  transversely  oblong  surface  of  attaci 
ment  or  strong  adhesion  to  the  lower  part  of  the  bent  conical  pro- 
longation of  the  ventral  valve  lodging  the  peduncle :  this  surface 
appears  in  the  exterior  of  the  soft  parts  of  the  Tercbratula,  behind 
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the  origins  of  the  cardinales  muscles.  I  have  proposed  the  name  of 
^^ capsularisy^  for  the  sum  of  the  carneo-tendiDous  fibres  which  have 
the  attachment  in  question.*  In  conjunction  with  the  completely 
encircling  fibres  of  the  peduncular  capsule,  thej  must  compress  and 
elongate  the  peduncle. 

In  addition  to  the  muscles  arranged  in  the  more  or  less  definite 
masses  above  described,  there  must  be  enumerated  the  fibres 
which  are  lodged  in  the  walls  of  the  canal  {fig.  186,  m)  travers- 
ing the  stems  of  the  fringed  arms ;  and  the  muscular  fibres  of  the 
pallial  lobes,  which  latter  are  extremely  feebly  developed,  and  recog- 
nisable only  near  the  periphery.  Thus,  to  recapitulate  the  designa- 
tions of  the  several  muscles  in  the  TerebratulOy  as  demonstrated  by 
dissections  of  the  Ter.  chilensis^  Ter.  psittaceoy  and  Ter,  fiarescens^ 
there  may  be  enumerated  the — 

Adductor  hmfftis  anticuSy 

Adductor  longus  posticus^ 

Adductor  hrevii^ 

CardinaliSy 

Retractor  superior^ 

Retractor  inferior, 

Capsularisy 

Brachial  muscles, 

Pallial  muscles. 
The  first  seven  muscles  leave  more  or  less  recognisable  impres- 
sions on  the  interior  of  the  valves:  the  marginal  muscles  of  the 
mantle  are  too  feebly  developed  to  mark  the  shell,  as  it  is  impressed 
in  the  Lamellibranchiate  bivalves. 

In  the  Lingula  the  homologue  of  the  adductor  brevis  is  situated  at 
the  peduncular  end  of  the  shell ;  it  is  very  short  and  thick,  and 
passes  from  one  valve  to  the  other.  The  adductor  longus  posticus 
arises  from  by  a  common  origin  on  one  side  and  by  two  origins  on 
the  other  side  of  the  visceral  mass,  behind  the  middle  of  the  sliell. 
They  pass  obliquely  to  the  opposite  valve,  the  single  muscle  gliding 
between  the  fasciculi  of  the  divided  one.f  Each  adductor  longus 
anticus  arises  single  from  the  ventral  valve,  near  the  fore  part  of  the 
visceral  mass,  and  divides  as  it  passes  obliquely  to  the  dorsal  valve, 
the  divisions  decussating,  but  being  inserted  close  together.  The 
arrangements  of  these  powerful  adductors  are  such  as  to  effect  sliding 
movements  of  the  valves  on  each  other,  besides  closing  the  shell,  and 
to  compress  and  variously  affect  the  interposed  viscera  and  visceral 
lacunae  with  their  contained  sinuses.     The  long  pedicle  of  the  Lin- 

♦  CCCUI.  t  CCC.  pL  vl  fig.  13. 
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guU  has  a  stratum  of  muscular  fibres.     For  the  mo<1*^i    'f  -n? 
muscular  system   in  Orhicuia^  I  mwy  refer  to  rrij  tU'*  ^  !i 

miatomy.*     The  four  adductor  muscles  are  didtinct  at  butb 
that  genus  and  in  Craniru 

In  Terehratula  ihe  fringed  portiona  of  the  spiral  arms  are  not 
immediately  supported  by  the  loopjtliis  serves  only  for  the  attach - 
ment  of  the  thin  but  firm  aponeurotic  membrane  which  forms  tbe 
true  basis  of  support  of  the  beautiful  nnd  peculiar  orgatia  in  qui 
tion. 

The  aponeurotic  fold  supporting  the  basis  of  the  arms  ia  perfarateii 
by  the  cesophaguft,  the  raooth  opening  downwards  into  the  pallial 
cavity  below  the  beginning  of  the  spiral  fold  i  the  alimentary  caamJ 
bends  backwards  over  the  btisal  fold,  after  perforating  it  ;  the  fold 
thus  intervening  lietwcen  the  tesopliagus  and  intestine*  The  fiU- 
ments  given  off  from  the  beginning  of  the  arras,  supported  by  the 
basal  fold  are  shorter  than  the  rest.  The  aponeurosis,  reflected  from 
the  lateral  to  the  spiral  folds,  forms  the  fore-part  of  the  small  visceral 
cavity;  the  palHal  membrane  ia  continued  from  the  union  of  the 
lateral  with  the  basal  folds,  is  stretched  ovcT  the  visceral  inter- 
space between  the  advancing  crura,  and  ia  then  continued  backwi 
towards  the  hinge,  protecting  the  hearts  and  sinuses  behind  the  t 
verse  fold.  The  lateral  folds  decrease  in  breadth  as  they  ndv 
forwards  :  the  spiral  fold,  which,  at  its  beginning,  is  broader  than 
broadest  part  of  the  lateral  folds,  gradually  becomes  narrower 
approaches  the  termination  of  the  xSpire.  The  lamellae  of  the  se 
above-defined  parts  of  the  aponeurotic  supporting  and  conne< 
brachial  folds^  separate  when  they  reach  the  calcareous  plate,  and 
hollow  muscular  stems  of  the  fringed  arms  closely  surround 
adhere  to  these  stems,  being  continued  thence  upon  tl\e  border  formed 
by  the  roots  of  the  fringe-filaments,  where  the  aponeurotic  charnccer 
is  exchanged  for  that  of  a  delicate  membrane,  which  is  finally  lost 
upon  the  fiUments  themselves. 

The  fibres  of  the  muscular  walls  of  the  brachial  canal  {fig.  186,  m) 
are  arranged  in  a  decussating  double  spiral,  evidently  adapted  for 
compressing  the  contained  fluid,  and  thereby  reacting  upon  the  arm 
of  which  the  muscular  canal  forms  the  base.  In  the  Terebratultdai, 
like  Rhynchoneila  psittacea,  with  free  mullispiral  brachia,  the  fluid  of 
the  canal  l>eing  acted  upon  hj  the  spirally -disposed  muscles  compos- 
ing its  parietes,  is  forcibly  injected  towards  the  extremity  of  the  arm, 
which  is  thus  unfolded  and  protruded  outwards.  In  tiie  speciea 
resembling  Ter.  flavticmiSy  the  spiral  portion  may  also  be,  in  like 


•  CCCLvoli.  p*  149. 
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manner,  so  far  unfolded  as  to  react  upon  the  closed  valves  of  the 
shell. 

What  power  the  animal  may  possess  of  further  unfolding  and  pro- 
truding the  free  extremity  of  the  united  spiral  portions  of  the  arms, 
can  only  be  determined  after  careful  observation  of  the  living  Tere- 
bratulte  in  their  native  localities.  The  structure  of  the  parts  in 
question  led  me  to  note,  in  1833,  the  important  difference  between 
Lingula  and  those  species  of  Terebratula  which  resemble  Ter,  chi* 
lensis  in  the  structure  of  the  arms,  *'  since,  from  their  attachments, 
they  are  fixed  and  cannot  be  unfolded  outwards  as  in  Lingula,^ ^ 

The  muscular  stem,  by  means  of  its  attachment  to  the  calcareous 
loop  (Jig,  187,  a,  ^,  c),  has  the  power  of  acting  upon  that  part  to  the 
extent  its  elasticity  admits  of,  which  is  sufficient  to  produce  such  a 
degree  of  convexity  in  the  reflected  part  of  the  loop,  as  to  cause  it  to 
press  upon  the  perforated  valve,  and  separate  it  slightly  from  the 
opposite  one.  Observations  on  living  Mollusks  are,  however,  essen- 
tial to  the  formation  of  adequate  and  exact  ideas  of  the  uses  of  parts 
of  the  several  muscular  parts  of  their  organisation. 

The  fringe-filaments  of  the  produced  and  reflected  portions  of  the 
brachia  are  in  a  single  series ;  they  are  compressed,  very  narrow, 
close  set,  with  their  flat  sides  towards  each  other,  very  gradually 
tapering  to  the  extremity  which  is  slightly  bent,  the  rest  of  the  fila- 
ment being  usually  straight :  those(y^.  186,9n)of  the  spirally-disposed 
portion  are  split  at  the  end,  and  the  spUt  is  deeper  as  the  filaments 
are  situated  nearer  the  end  of  the  spire,  where  they  appear  thereby 
to  be  arranged  in  a  double  row.  In  most  specimens  the  filaments  of 
the  spire  incline  towards  each  other,  and  meet  at  their  extremities, 
inclosing  a  triangular  space  or  channel.  The  curve  of  the  spire  is 
towards  the  dorsal  valve  at  its  commencement ;  and  this,  with  the 
dursal  aspect  of  the  transverse  base  of  the  arms,  serves  to  determine 
the  dorsal  valve  in  Orbicula  and  Lingula.  By  Cuvierf  the  spiral 
arms  of  the  Brachiopods  are  compared  with  the  tentacles  of  the 
Cephalopods :  by  Siebold  to  those  of  Bryozoa  {Alcyanella^) ;  perhaps 
the  true  homology  lies  midway  :  the  closer  connection  of  the  soft  un- 
calcified  base  of  the  arms  to  the  mouth,  in  Lingula^  seems  transitional 
to  the  long  labial  tentacles  of  Anomia, 

The  nervous  system  of  the  Terebratula  consists  of  three  principal 
parts,  the  "  pallial,"  "  brachial,"  and  "  visceral."  The  roots  or  origins 
of  these  three  systems  centre  in  the  oesophageal  ring.§ 

This  annular  centre  is  situated  in  and  defended  by  the  basal  fold 

•  ceo  I.  vol.  i.  p.  149.  t  CCC.  Mem.  8ur  la  Lingnle,  p.  4. 

t  XXIV.  p.  260.     This  idea  is  reproduced  in  CCCIX.  p.  117. 
§  CCCIII.  f,  pi.  ii.  fig.  1. 
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of  the  brachial  Aponcurosiis  surrounding  tlie  ofieriura  hy  wliIeL 
ccaophngus  f>enetrnles  iht*  visceriil  cUamb€r.  A  ftsw  vary  deGcil 
filaments  pass  oft*  from  the  ptirt  of  the  ring  which  i^  turned  W 
tiie  aperture  of  the  shelK  and  which  part,  from  the  downward 
of  the  mouth,  is  made  anterior,  inatead  of  being*  aa  in  tlie 
position  of  the  mouth,  "  dor&al "  These  filaments  arc  lost  in  the  hi 
ginning  of  the  spiral  connecting  fold,  the  brachial  arms  thus  reeeiria 
Boroe  of  tbeir  nerves  from  the  same  part  of  the  oesophageal  ring* 
the  antennas  do  in  inflects,  and  the  cephtiUe  ten  taenia  in  the  higlie 
Mullusks.  The  two  chief  nerTe-trunks  from  the  ring  come  off  fi 
its  lower  and  lateral  angles;  a  very  slight  swelling,  Lnrtlljr  to  b4 
called  a  ganglion,  occurring  at  their  origin.  Each  of  fhesio  truniu 
quickly  divides,  one  division  going  to  the  mantle,  the  other  peni 
trattng  the  base  of  the  fringed  arm  of  its  own  side.  The  pallia 
trunk  is  the  largest;  it  soon  divides  to  supply  the  upper  and  lowei 
mnntle-lobes  of  its  own  side:  the  course  of  that  distributed  npon  tin 
dorsal  hibe  is  shown  in  Plate  IL^ff.  2  of  CCCIIL 

The  dorso-pallial  nerve  extends  a  short  way  upon  it,  and  thai 
expands  into  what  appears  to  be  an  oblong  narrow  ganglion  ; 
w'hicVi  15  a  loop  formed  by  the  slight  divarication  and  reunion  o] 
fibres  of  the  trunk.  From  this  loop  most  of  the  palltal  fila: 
diverge.  In  their  course  towards  the  margin  of  the  lobe  they 
obliquely  the  great  pallial  sinus,  and  give  off  branches,  moj 
whicit  correspond  with  the  branches  of  tiie  sinus,  these  bn 
subdividing^  and  their  ram iti cations  appearing  to  unite  in  a  com] 
circum pallial  nerve  which  runs  along  the  inserted  bases  of  the  mar- 
ginal cilia.  The  brachial  nerves  may  be  traced  some  way  along 
muscular  canal  of  the  fringed  arms.  Two  delicate  filaments  wi 
traverse  part  of  the  visceral  chamber  come  off  from  tlie  lower  pi 
the  ccsophageal  circle  near  the  origins  of  the  great  pallio-bra^ 
trunks;  they  probably  supply  the  muscles  which  traverse  the  visi 
chamber,  as  well  as  the  hearts  and  alimentary  canal.  In  Lingnta 
the  visceral  nerves  are  more  developed.  They  are  shown  \nfi^.  3, 
1*1.  II.,  CCCIII.  Filiimcnts  to  tlie  muscles  are  also  more  distinct:  a 
pair*  which  come  off  from  tlie  suba*sophngeal  ganglion,  diverge  as  ihey 
puss  backw^ards  along  the  visceral  chamber^  then  converge  to  t 
insertion  in  the  anterior  muscles ^  a  second  pair,  also  from  the 
ooftophageal  ganglions,  run  more  parallel  as  they  pass  along 
ventra!  aspect  of  the  anterior  muscles  to  go  to  the  posterior  mui 
lAngula  has  also  the  pnllial  and  brachial  systems  of  nerves  us 
developed  as  in  Terebratula,  I  liave  not  been  able  to  detect 
traces  of  special  senf  c-organs  in  the  Bruchiopods* 
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The  mouth  {Jig.  186,  n)  of  the  Terebratula  is  situated  in  the  middle 
line,  about  one-third  of  the  length  of  the  shell  from  the  hinge ;  it 
opens  downwards,  towards  the  ventral  valve,  at  the  base  or  beginning 
of  the  passage  formed  by  the  spiral  brachial  fold  and  the  converg- 
ing fringes  of  the  brachial  spire;  it  has  a  tumid  and  sub-bilobed 
upper  or  anterior  lip,  and  a  thinner  and  broader  lower  or  posterior 
lip,  which  is  attached  to  the  basal  portion  of  the  fringed  arms 
uniting  the  central  portions.  The  swollen  margins  of  the  mouth 
are  formed  by  both  muscular  fibres  and  secerning  cells :  there  are 
no  rudiments  of  a  maxillary  or  dental  apparatus.  The  organic 
molecules  subserving  the  nutrition  of  the  Brachiopods  are  brought 
by  ciliary  action  within  reach  of  the  mouth,  are  there  seized  and 
swallowed.  In  OrbicUla  the  mouth  is  opposite  the  centre  of  the 
perforated  valve;  in  Lingula  it  is  nearer  the  fore  part  of  the 
shell.  The  oesophagus  in  Terebratula  is  short,  of  uniform  diameter, 
has  a  delicate  membranous  outer  tunic,  a  muscular  coat,  and  a  thicker 
epithelial  lining  than  that  of  the  rest  of  the  alimentary  canal.  It 
inclines  slightly  forward  as  it  ascends,  between  the  anterior  portions 
of  the  liver,  to  terminate  in  the  stomach,  where  it  is  slightly  con- 
stricted. The  stomach  (o)  is  a  curved  oblong  cavity,  swelling  out 
slightly  at  the  cardiac  end,  where  it  receives  the  biliary  secretion, 
continuing  thence  for  some  way  of  the  same  diameter,  which  is  rather 
more  than  half  its  length ;  and  gradually  contracting  to  the  pylorus. 
Its  tunics  consist  of  an  outer  membranous,  a  muscular,  and  a  smooth 
inner  mucous  coat,  the  epithelium  of  which  is  more  delicate  than  in 
the  oesophagus.  The  whole  cavity  is  bent  down  at  an  acute  angle 
with  the  oesophagus,  and  the  cardiac  half  is  buried  in  the  large 
granular  liver  (ib.  q).  There  is  no  valvular  structure  at  the  pylorus : 
but  in  some  specimens  it  presented  a  slight  circular  constriction. 
The  intestine  is  short,  straight,  and  is  continued  downwards  and  a 
little  backwards,  in  a  line  with  the  pyloric  part  of  the  stomach  to  the 
interspace  between  the  attachments  of  the  adductores  longi  and  car- 
dinales  to  the  ventral  valve,  where  the  minute  vent  opens  into  the 
pallial  cavity.  It  does  not  perforate  the  capsule  of  the  pedicle.  The 
fa3ces  are  carried  out  by  the  pallial  and  brachial  currents.*  The 
intestine  is  enveloped  to  within  a  very  short  distance  of  the  vent  by 
an  extremely  delicate  venous  sinus,  the  outer  wall  of  which  is  con- 
nected with  the  plicated  auricles  (ib.  r)  situated  on  each  side  of  the 
gut,  a  little  above  its  middle.     The  muscular  tunic  of  the  intestine 

*  Mr.  Iluxlcy  (CCCIX.  p.  108)  has  been  anable  to  find  this  vent,  and  detcribet 
the  anal  end  of  the  intestine  as  imperforate.  There  may  be  blindness  somewhere, 
but  I  tliink  not  at  the  termination  of  the  intestine  of  TtrebratyJIa^  any  more  than 
in  Orbicula  and  Lingula, 
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preseoU  the  same  uniform  thick oess  bs  that  of  the  stomach*  The 
muco-epitbelial  lining  membranes  fire  disposed  in  very  delicatdl 
transverse  plaita.  In  Orbicuia  tlie  intestinal  canal  is  somewhat 
longer,  bends  to  the  right  side,  where  the  vent  opens  into  die  palliiLl 
cavity  near  the  right  anterior  adductor*  In  Linffula  the  inteatine 
is  still  longer,  forms  two  bends  before  il  extends  forwards  to  ter» 
minate  at  the  right  side,  in  the  palliat  cavity. 

The  liver  (9)  is  about  three  times  tb©  bulk  of  the  stomach,  aod 
forms  the  most  conspicnons  of  the  chylopoietic  viscera,  when  the 
abdominal  cavity  is  exposed.  It  consists  of  very  numerous  ramiiied 
follicles,  the  terminal  ones  of  whicli  are  of  equal  riae,  and  their  roufxl 
closed  ends  give  the  apparently  granular  exterior  surface  to  the 
gland :  the  intimate  structure  of  the  hepatic  folliclea  in  Ter./iavtt' 
eens  agrees  with  that  described  in  my  earlier  Memoir*,  in  7Vr, 
psiiidcea  and  Ter.  chiiensU.  There  is  no  natural  division  into  lobes; 
a  slight  pressure  suffices  to  diitplace  groups  of  follicles,  which  then 
assume  the  lobular  character.  The  ducts  form  the  common  stems  of 
the  manifold  ram  locations,  and  they  are  usually  two  in  number,  com- 
municating, each  by  a  distinct  aperture,  with  the  cardiac  end  of  the 
stomach* 

The  vascular  system  of  the  Brachiopods  Is  peculiarly  well  adapted 
to  demonstrate  that  remarkable  condition  of  the  vein »  in  the  Mollus- 
cous class  whichi  when  first  and  somewhat  imperreetly  observed,  gave 
rise  to  the  idea  of  thcbWxl  being  extravasated  into  the  lacun®  of  the 
viscera  and  the  interstices  of  other  soft  parts  and  tissues* 

Such  is  the  condition  of  the  major  part  of  the  vascular  system  tti 
the  Tercbratttfte.  The  hearts  are  two  in  number,  and  distinct;  they 
consist,  as  iu  other  Brachiopods,  each  of  an  auricle  f  ^"d  a  ventricle. 


♦  CCCI. 

f  TKis  organ  wiw  first  detcribed  in  my  Lecture*  of  1843  (Lecture  XX.,  deli- 
vered May  IL,  published  June  (No.  1X0  of  tliat  year),  as  **  a  email  trans versely 
pUest«d  memhnLDoas  proccus,  couttoued  from  each  iside  of  the  be^nning  of  the 
iateetioe/*  In  the  same  year,  1843,  M,  Vogt  commttnicated  a  memoir  on  the 
Anatomy  of  the  Limjuta  anatina  to  the  **  AUgenjetueQ  ScbveiteriaclieQ  GcscU* 
achaft,*'  at  Neacbatel,  in  which  he  described  the  bomologoufi  fwrt  as  follows:  — 
♦•  Upun  each  he«rt  lies  a  peculiar  iac,  unseen  by  CuTier  and  Owen,  but  plainly 
visible  in  my  spec! men i.  This  sac  lies  with  its  under  coucaTe  smooth  border 
upon  the  upper  convex  furface  of  the  heart,  and  its  fre«  upper  border  is  folded 
like  a  shirt-fritl.  The  sac  is  depressed  and  hollow;  at  the  connecting  line  of  lh« 
fotda,  where  this  rlaes  teat -wise  (2it/^>nnrtig),  there  ia  a  fissure,  which  leads  to  an 
extremely  delicate  canal,  whose  further  eontinuations  1  could  not  follow;  but 
it  seemed  to  me  that  it  opened  cxtemalty  between  the  two  lobos  of  the  mantle,** 
p.  12. 

Ko  other  relation  of  this  sac  to  the  heart  is  rceoguizcd,  save  its  contigutcy  or 
contact  Willi  that  organ :  respecting  the  heart  itself,  M,  Vogt  repeats  the  deacnp* 
tinn  by  Cuvier,  viz,  that  tlnre  are  two,  and  he  expressly  itates  that  they  ars 
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and  are  situated  in  the  7Vr.  flavescens^  at  the  back  part  of  the 
visceral  cavity,  on  the  dorsal  aspect  of  the  intestine,  one  on  each 
side  of  its  upper  or  anterior  half.  If  the  dorsal  valve  and  corre- 
sponding lobe  of  the  mantle  be  removed,  and  the  *'  musculi  retractores 
superiores"  be  gently  divaricated,  or  the  mesial  fasciculi  carefully 
removed,  the  delicate  membrane  of  the  venous  sinuses,  continued 
from  the  margin  of  the  basal  aperture  of  each  auricle,  is  immediately 
exposed,  and  is  so  transparent  as  to  permit  the  plicated  structure  of 
those  cavities  to  be  clearly  seen.  ♦  If  the  viscera  be  exposed  by  a 
side  view,  as  in  fig,  186,  the  heart  (r,  s)  of  the  side  exposed  will  be 
seen  behind  the  beginning  of  the  intestine. 

The  ventricle  in  each  heart  is  a  smooth,  feebly- muscular  cavity, 
from  which  are  continued  what  have  appeared  to  me  to  be  arteries  f ; 
the  largest  ramified  on  the  two  halves  of  the  mantle  lobes  nearest 
the  ventricle,  the  smaller  one  proceeding  to  the  viscera  and  muscles. 

The  auricular  cavity  consists  at  the  half  next  the  ventricle  of  a 
plicated  muscular  coat,  in  addition  to  the  membranous  one;  but 
at  the  other  half,  next  the  venous  sinuses,  of  venous  membrane 
only  :  the  latter  might  be  termed  the  auricular  sinus,  the  former 
the  auricle  proper.     The  proper  auricle  presents  the  form  of  an 


"  simple,  thin-coated,  pyriform  sacs.'*  •♦  Es  sind  einfacke  daoDhantige,  bim- 
formige  Sacke."  Vogt  subsequently  (<*  Zoologische  Briefe,"  1851,  vol.  i.  p.  285) 
recognised  the  auricular  character  of  the  part,  in  Lingula,  which  is  so  described 
in  Terebratula  {CCCll.  1845,  p.  292). 

Mr.  Huxley,  who  erroneously,  as  he  afterwards  acknowledged,  ascribed  this 
discovery  to  Vogt,  specifies  it  as  "the  true  complex  structure  of  the  heart.*' 
(CCCIX.p.  111.) 

♦  CCCIII.  pi.  iii.  1,1. 

t  The  best  demonstration  I  have  been  able  to  make  of  the  vascular  system  is 
that  shown  in  the  injected  preparations  998  A  and  B  (X.  voL  ii.  p.  74),  and  more 
particularly  described  in  CCC  I.  (1835),  p.  154.  **In  one  of  the  specimens  (of 
Orbiculd)  I  succeeded  in  injecting  the  vessels  of  one  lobe  of  the  mantle  from  one 
of  the  ventricles;  in  this  injected  preparation  there  evidently  appeared  a  small 
uninjected  line  {n'  fig,  13),  as  in  the  TerebratuUe,  accompanying  each  of  the  larger 
branchial  veins,  running  along  the  centre  of  every  trunk ;  and  these  lines  I  con- 
clude to  be  branchial  arteries  ;  if  they  were  retractile  muscles  of  the  mantle,  they 
might  be  expected  to  have  a  straighter  course.*' 

If  it  be  true  that  Mr.  Hancock  has  **  arrived  at  the  conclusion  that  no  such' 
arteries  exist"  (CCCIX.  p.  112)  in  the  sense  that  the  ramified  filaments  above 
described  have  no  existence,  I  feel  no  doubt  that  renewed  examination  by  that 
excellent  observer  will  convince  him  of  the  accuracy  of  my  descriptions  and 
figures  (CCCI.  pi.  22,  fig.  11,  pL  23,  fig.  11.)  The  interpretation  of  the  nature 
of  the  parts  is  another  matter.  Vogt  adopts  my  original  idea.  He  figures  the 
homologous  part  (CCCVIII.  tab.  ii.  fig.  14.  6)  as  a  *  blntgefass.'  In  all  my  me-^ 
moirs  I  have  called  attention  to  the  relation  of  the  generative  parts  to  the  pallial 
vessels,  and  I  have  figured  the  ovaria  as  being  developed  from  the  so-called 
arteries,  in  CCCIII.  pi.  2,  fig.  2, 11. 
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oblong  depressed   cone,  attnehed  bj  its  apex  to  the  ventricle,  tba 
apex    being   perforated  by   the    aunculo-vontricular  aperture,    «ii| 
adlien>nt  by  its  ba^e  to  the  auricular  sinus,  which  might  be   said  to 
conduct  into  the  common  peritoneal  cavity,  gince  tJie  delicate  tunadi 
of  the  visceral  sinuses  appear  to  take  the  place  of  a   pentooetuik. 
The  auricular  wnllA  are  disposed  in  §niall  plaits  or  foldst  radiating 
from  the  nprx  :  and  the  longitudinal  or  radiating  folds   are  puckered 
by  transverse  foldd*  The  figures  ii  and  iii»  pi.  3^  of  CCCIIL^  which  an) 
inagniflt<d  to  the  same  degree,  exemplify  two  of  the  different  stated 
in  which  the  plicated  auricles  are  found  in  different  individual,  a^d^ 
so  far  exemplify  the  extent  of  dilatation  and  contraction  of  wj 
these  complex  cavities  are   susceptible;    but   they   have  presei 
more  extreme  differences  of  siz«  in  other  specimens,  and  they 
possess  considerable  powers  of  altering  their  cnpacity.     It  is,  t 
fore,   probublt*,    that,   when    the  circulating  fluid   ia   accumtdute< 
unusual  quantity  in  the  pallial  and  visceral  sinuses,  the  longitui 
auricular  libres  evert  and  expand  the  margins  of  the  basal  a] 
to  which  the  delicate  tunic  of  the  sinuses  is  attached,  that  lh«  flu; 
drawn  by  a  kind  of  vermieuhir  movemt- nl  or  peristaltic  suction 
the  auricles,  and  thence   propelled  by   successive  contraction  of 
circular  fibres  into  tlie  ventricles*     From  the  ventricles  the  blood 
may  be  driven  through  the   ramifications  of  the  p&llial  and  visceral 
Vf^s^els  into  the  more  or  le^s  irreguhir  and  capacious  sinuses,  and  so 
returns  slowly  back  to  the  heart.    The  auricles  are  relatively  smaller 
in  Lingula  than  in  TerebrafyJa, 

The  part  of  the  vascular  system  which  most  conspicuously  preaents 
the  uAual  ramified  form,  is  that  whicli  is  on   the  inner  layer  of  the 
mantle.      In  Terebratula  and  Orbicula  the  branches  are   given 
from  four  trunks  on  one  pallial  lube,  and  two  trunks  on  the  other  lol 
they  terminate  at  the  peripliery  in  a  eicutnpallial  vessel-  In  Lin^Uk 
there  are  two  trunks  on  each  lobe,  which  are  longer  and  their  branchrs 
are  more  regular  and  parallel,  and  some  of  them  terminate  in  blind 
ends.  The  primary  external  parallel  branches  in /*tw/;i/ra  Andebard  % 
give  off  a  series  of  short  loops  or  cfeca.*    In  all  a  more  slender  body  f 
accompanies  the  larger  vessels  throughout  their  ramifications  ;  in  nil 
the  generative  cells  (testes  or  ovaria)are  developed  within  the  pallitil 
vessels  and  apparently  from  the  more  slender  ramified  body4 

Wherever  the  blood  ia  exposed  in  its  delicate  vesseb  and  sinuses 
to  the  seawater,  a  respiratory  action  must  go  on ;  most  actively  at 
ilie  part  where  the  blood  is  most  subdivided,  viz.,  at  the   ciUat4:d 


•  CCCI.  pi  23,  fig.  16, 

t  CCCI    pi.  22.  fig.  IK  pi.  23.  fig.  11.  CCCVin.  tab   \u  fig.  U  h. 

X  CCCLpL22.fig.  16. 
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border  of  the  mantle.  The  larger  pallial  vessels,  and  especially 
those  that  terminate  by  closed  ends  in  Lingula,  may  be  regarded  as 
generative  rather  than  branchial  vessels,  t.  e^  as  being  chiefly  con- 
cerned in  nourishing  and  affording  pabulum  to  the  generative 
cells.  In  Lingula  and  Orbicula,  the  pallial  trunk  is  continued 
from  the  ventricle.  The  visceral  chamber,  in  all  Brachiopoda,  is 
occupied  by  larger  and  less  regular  venous  sinuses,  which  seem  to 
form  a  complex  peritoneal  cavity.  The  sinus  which  surrounds  the 
intestinal  canal,  is  figured  in  CCCIII.  pi.  i.yfigs,  5  &  6, 8  {Lingula),  pi. 
3»  Jigs,  1,  8,  ( Terebraiula) :  the  communication  of  this  and  other 
visceral  sinuses  with  the  plicated  auricle  in  Terebraiula  is  accurately 
represented  in  pi.  3,,/^.  1,  of  the  same  monograph. 

The  course  of  the  circulation  can  only  be  determined  by  observa- 
tion of  the  living  Brachiopod :  it  may  be  subject  to  oscillations,  as  in 
the  Tunicata,  Whatever  its  course,  there  is  no  actual  extravasation : 
I  find,  after  the  most  patient  scrutiny,  no  evidence  of  an  escape  of 
the  blood  into  mere  lacunas  or  interspaces  excavated  in  the  tissues  of 
other  and  surrounding  systems ;  but  the  result  of  such  scrutiny  has 
been,  invariably,  the  detection  of  the  continuation  and  expansion  of 
the  proper  tunic  of  the  veins  into  such  seeming  lacunas  or  interspaces. 
And  although,  in  the  wide  clefts  between  the  viscera  and  muscles  in 
the  abdominal  chamber,  the  tunic  of  the  sinuses  is  disposed  like  a 
peritoneum,  seems  to  perform,  also,  the  function  of  a  peritoneum,  and 
the  contained  fluid,  that  of  peritoneal  serum,  in  addition  to  their  own 
more  proper  and  important  oflices,  and  although  an  anatomist  might 
be  permitted,  by  such  similarity  of  function,  to  call  the  cavities  of 
the  sinuses  "  intervisceral  lacunae,"  and  the  walls  of  the  sinuses  "  pe- 
ritoneum,"— yet,  if  he  were  guided  in  his  nomenclature  by  con- 
siderations of  homology  instead  of  analogy,  he  would  more  correctly 
term  them  ^'  abdominal  venous  sinuses"  and  *'  venous  tunic"  respec- 
tively. In  either  case,  as  a  matter  of  fact,  there  is  no  real  or  essen- 
tial departure  from  a  circulation  in  a  closed  system  of  vessels ;  but 
only  a  morphological  departure  from  the  typical  character  of  the 
organs  of  circulation, — an  extreme  one,  it  is  true,  but  little  likely  to 
lead  astray  the  zootomist  who  had  been  prepared  for  such  formal 
modifications  of  the  vascular  system  by  the  discoveries  of  Hunter,  as 
they  are  manifested  in  his  preparations,  and  by  the  descriptions  and 
figures  of  such  preparations,  of  the  venous  system  in  the  classes 
of  Insects  and  Crustaceans. 

The  absorbent  system,  as  Cuvier  truly  states*,  is  wanting  in 
molluscs.     In  the  comparatively  low  organised  order  under  consider- 

♦  CCCXXI.  p.  300. 
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le  HreuM  of  Mft-waier  exdfal  tad  i 
tod  v^^ctiire  id  tlie  aiaiitkt,  wiH  eflkct  ik  i 
■iiri^pei  w  tliej  aMtne  orer  tbe  dcBcately 

Ae  p^id  lobei;  tlie€^,  tLiere£«^  fbmt  the  chief  i»t  of  tlii 

Mllui^  fuDedoo;  bat,  whereY^-  mmSar  crnn^is  come  in  C€mmA 

iSh  ibe  ▼ttKfikr  ^yntm^  m  thai  cxtcnl  tlie  rm^ii^barj 

M  lie  ^MmeL    In  CCCUL  1  M^gested  thM  ili«  niiDiiEe  i 

«ma  mmlmmti  from  the  muitle  mm  the.  ^hdl-tuhm  ^  mi^ht  j 

sn  «:xin^Uir7  fanctioci  and  be  maftodaSed  in  tkftt  aettoa  wtth  tbe  de- 

pctrtttif  e  re«pir»lQt7  office  of  tbe  Bftutli^  tbe  pvofaAlile  coii4itioA  d 

thdr  deTeJopeaent  beiiig  tbe  low  grmde  of  tbe  pinif»«r  btmiLciiiftl  of^mni^ 

gfttlon.**  ( p*  4.)    Dr.  Carpeciter,  belieTiog  tbttt  eertiJii  mrpmml&  whkk 

be  hAA  obierTtd  id  tbe  cacml  processes  are  btoodHSogpmdM^  de^ms  il 

not  improbable  **  thai  tbe  sppamtii^  m  qaestioa  b  famwtfAia/  In  ill 

nature***  J 

The  generative  orgmna  present  tbe  same  form  in  the  Ter^raimim. 
Orbicul^^  and  Lirngvim,  nod  correspond  with  that  of  tbe  pallitl 
sinusea  in  mUeh  tbej  seem  to  be  situated.  Tbe  figures  1^  £e  16  r,  i; 
pL  22,  CCCL,  and  ^/^.  2»  pL  2,  CCCIIL,  represent  tbe  general 
form  and  disposition  of  these  organs  in  Terebratula^  I  have 
observed,  however,  a  manifest  difference  of  texture  and  colour  in 
the  generative  organs  of  different  individuals  of  Ter,  Jiavescem 
collected  at  the  same  period.  In  some  specimens  the  organs  arc 
better  defined,  more  compact,  and  of  a  paler  colour  :  in  others 
the  organs  are  broader  or  more  diffused,  and  of  a  deeper  yellow 
colour.  On  a  microscopic  examination  of  the  first  kind,  tbej 
are  found  to  consist  of  an  aggregate  of  minute  cells,  closelj 
resembling  those  in  the  half  mature  testes  of  the  common  oyster. 
I  conclude,  therefore,  that  they  are  the  male  generative  organ  in  the 
Terebratula,  and  that  the  individuals  of  this  genus  are  dicBcious. 
not,  as  I  formerly  supposed,  simple  hermaphrodites. §  The  true  ova  an 
very  plainly  manifested  in  the  broader  and  deeper-coloured  dendritii 
organs.  They  are  developed,  like  the  sperm -cells,  between  the  mantle 
and  the  delicate  tunic  of  the  venous  sinus,  apparently  form  the  aocom- 
panying  branched  organ,  and  protrude  into  tbe  sinus,  pushing  iti 


•  CCCIII.  pi.  1.  2.  8.        t  CCCI.  pi.  23.  fig.  13.     CCCVIII.  tab.  1.  fig.  13. 
X  CCCX.  p.  36.  §  CCCI. 
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lining  membrane  inwards.  The  generative  organs,  in  the  male,  as 
in  the  female,  developed  in  the  ventral  lobe  of  the  mantle,  commence 
— if  we  maj  term  the  part  next  the  hinge  of  the  shell  their  beginning 
— by  a  loop  on  each  side  of  that  lobe,  situated  at  the  point  of  bi- 
furcation of  the  two  sinuses ;  these  loops  are  shown  in  CCCIIL,^.  1, 
pi.  3,  the  inner  layer  of  the  mantle,  with  the  adherent  tunic  of  tho 
sinus,  being  reflected  to  show  the  looped  portions  of  the  ovaria  (12, 12). 
In  the  dorsal  lobe  the  generative  organ  commences  at  about  the  same 
distance  from  the  hinge,  by  a  simple  obtuse  extremity,  and  follows, 
as  it  advances,  the  ramifications  of  the  sinus  in  which  it  is  lodged. 
There  are  thus  four  distinct  ovaria  or  testes,  two  in  each  mantle  lobe ; 
those  of  the  ventral  lobe  being  doubled,  or  bent  upon  themselves, 
near  the  cardinal-attached  border  of  the  lobe.  It  may  be  pi*esumed 
that  the  embryos  developed  under  the  influence  of  their  suspension  in 
the  aerated  and  nutrient  fluids  of  the  pallial  sinuses,  escape,  at  a  certain 
stage  of  that  development,  by  dehiscence,  at  or  near  the  free  ciliated 
border  of  the  pallial  lobes.  The  course  and  phenomena  of  this  de- 
velopment would  form  a  most  interesting  and  acceptable  subject  to 
a  competent  microscopical  observer  favourably  situated  for  pursuing 
it  throughout  the  breeding  season  of  the  Terebratults.  1  have  ob- 
served the  following  stages  in  ova  taken  from  the  ramified  pallial 
ovarium  of  a  Lingula^  preserved  in  spirits.  CCCIII,  pL  l^fig  7,  a, 
shows  an  impregnated  ovum,  in  which  the  germinal  vesicle  or  vesicles 
have  disappeared,  and  the  germ-mass  has  been  formed,  occupying  tho 
entire  ovum,  which  has  assumed  an  oblong  form :  a  peripheral  stratum 
of  the  derivative  germ-cells  was  more  compact  and  of  a  somewhat 
lighter  colour  than  the  central  mass.  lb.  b,  shows  the  formation  of 
a  smooth  membrane,  probably  covered  by  ciliated  epithelium,  around 
the  germ-mass :  lb.  c  is  a  transverse  section  of  such  an  ovum,  show- 
ing its  triedral  figure :  lb.  d  is  an  ovum  further  advanced,  with  the 
rudiment  of  a  peduncle :  lb.  «,  an  embryo  with  the  peduncle  more 
produced.  I  could  distinguish  no  organs  in  these  embryos  of  the 
Lingula :  there  was  no  trace  of  shell.  Thus  the  LinguUe  are  pro- 
vided with  a  peduncle  before  they  quit  the  parent. 

On  comparing  together  the  existing  genera  of  Brachiopods  we 
may  perceive  that  the  modifications  which  are  traceable  in  their 
respective  organisations  bear  relation  to  the  difierent  situations 
which  they  occupy  in  the  sea. 

The  Lingula,  living  usually  near  the  surface^  and  sometimes  where 
it  would  be  left  exposed  by  the  retreating  tide,  if  it  were  not  buried 
in  the  sand  of  the  shore,  must  mei^t  with  a  greater  variety  and 
abundance  of  animal  nutriment  than  can  be  found  in  the  deeper 
waters,  where  the  Terebratula  usually  resides.     Hence  its  powers'of 
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preheoBion  are  greater ;  and  Cuvier  suspects  that  it  may  even 
a  species  of  locomotion  from  the  suj>erior  length  of  its  peduuclti.  Th( 
orgatiidatton  of  its  moutb  and  atoinach  indicates  the  moleculai 
character  of  ita  food ;  but  its  convoluted  intestine  shows  a  capacity  a 
extracting  a  quantity  of  nutriment  proportioned  to  its  superiol 
activity  and  to  the  greater  extent  of  its  soft  parts.     The  p-  -' 

tended  pulLtul  respiratorjr  apparatus  is  In  exact  barmony  u  la 

above  conditions  of  structure  and  habits. 

With  regard  to  the  Orbkula,  and  more  especially  the  de^p  aei 
j^pecies  of  Terebrahda^  botli  the  respiration  and  nutrition  of  sucl 
animals  which  exist  beneath  a  pressure  of  from  sixty  to  ninetj 
fathoms  of  sea-water^  are  subjects  suggestive  of  interesliug  reflec- 
tions, and  lead  one  to  contemplate  with  less  surprise  the  grcai 
strength  and  complexity  of  some  of  the  minutest  parts  of  the  frame  o< 
these  diminutive  creatures.  In  the  unbroken  stillness  which  maj 
pervade  those  abysses,  their  existence  must  depend  upon  tht?ir  powel 
of  exciting  a  perpetual  current  around  them,  in  order  to  dissipate  th< 
water  already  laden  with  tht^'ir  eflete  particles,  and  to  bring  withic 
the  reach  of  their  prehensile  organs  the  animalcules  adapted  for  thcil 
Fustenanee.  The  actions  of  the  Terehratula  and  Orbicula,  from  iheil 
attachment  to  foreign  bodies,  are  confined  to  the  movements  of  theij 
brachial  and  branchial  fringe  ciliu^  and  to  a  slight  divarication  am 
sliding  motion  of  their  protecting  valves;  the  simplicity  of  thdi 
digestive  apparatus,  the  still  greater  simplicity  of  their  braachiao; 
nnd  the  diminished  proportion  of  their  soft  to  their  hard  parts,  are  if 
Iiarmony  with  such  limited  powers.  The  soft  parts,  in  both  genera 
are,  however,  remarkable  for  the  strong  and  unyielding  manoer  U 
which  they  are  connected  together.  The  muscular  system  is  mucl 
more  complex  than  in  ordinary  bivalves,  and  is  remarkable  for  lb< 
compactness  of  its  fibre  and  the  density  of  the  glistening  tendonsi 
Here  is  obviously  an  apparatus  of  sufficient  power  to  effect  lh( 
requisite  motions  of  the  valves  at  the  depth  of  which  they  may  U 
destined  to  live.  Tlie  Ttrebratulida  and  Spiriferidte  have  an  interna 
skeleton  superadded  to  the  bivalve  defensive  covering,  by  mwins  a 
which  additional  support  is  afforded  to  the  shell,  a  stronger  defence 
to  the  viscera,  and  a  tirmer  basis  of  attachment  to  the  spiral 


Class  TUNICATA. 

Sodtf  unsymmetrical,  with   an  uncalcified  tegument  in  form 
tunie^  having  two  openings,  and  lined  by  the  mantle  ;  oral  tent! 
rudimentary  or  absent ;  no  foot. 

Generation  by  gemmation  alternating  with  impregnated  ovii. 
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Order  Saccobranchiata. 

Mantle  united  to  the  tunic  at  the  two  orifices ;  elsewhere  com- 
monly more  or  less  detached.  Bronchia,  a  dilated  vascular  sac,  with 
a  tentacular  orifice. 

Family  Botryllidce, 

Body  fixed :  tunics  of  many  individuals  fused  together  into  a  mass, 
in  which  the  individuals  are  grouped  into  systems. 

Genera  SigilUna^  PolyeUnumj  Aplidium,  Amaroucium,  Diazona^ 
Didemnum,  Leptoclinum,  BotryUus. 

Family  ClaveUina. 

Body  fixed ;  individuals  connected  by  repent  tubular  prolongations 
of  their  common  fused  tunics. 
Genera  CtavelUna^  Perophora. 

Family  Ascidiada, 

Body  fixed :  individuals  gregarious  or  isolated. 

Sessile  Genera.    AscidUt^  Cyathia,  Dendrodoa,  Chelyosama, 

Pedunculated  Genera.     BoUenia^  Cystingiaj  Bipapillaria, 

Family  Pelonaiadis. 

Mantle  adhering  extensively  to  tunic,  which  is  usually  buried  in 
mud. 

Genus  Pelonaia. 

Family  Pyrosomidte, 

Body  floating  :  tunics  of  many  individuals  fused  into  a  cylindrical 
mass,  in  which  they  have  a  verticillate  arrangement  with  two  ori- 
fices, one  at  the  extremity  next  the  outside,  the  other  at  that  next 
the  inside,  of  the  common  cylinder. 

Genus  Pyrosoma. 

Order  TiBNIOBRANCHIATA. 

Mantle  adhering  throughout  to  the  tunic.  Orifices  without  tca- 
tacles.  Branchia  ribband-shaped.  Individuals  connected,  chain- 
wise,  in  one  generation,  solitary  in  the  neict !  free  and  floating. 

Genus  Salpa, 

Class  BRACHIOPODA. 
Body  symmetrical,  with  a  dorso-ventral  bivalve  shell,  lined  by  a 
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el  J  itdher^nt  mnntle  of  two  widelj  Beparated  lobea^.     Oral  tentftdi 
-wo,  long,  fringed,  u^ualJ^  more  or  less  spirallj  disposed. 

Family  TerebraiuUdm. 

i^eDtral  valve  with  a  promment  notched  or  perforated  be^,  tJU 

)  curved  hiDge-tceth :    dorsal  valve  with  a  depressed   tiinbo,  i 

rdinal  process  between  the  dental  Bockets,  and  an  internal  calca 

.<cOU8,  usually,  looped  brachial  appendage.     Animal  attacbed  by  i 

short  pedicle  or  hy  a  ventral  valve. 

.    Grenera    Terebrntula,    Terehratulina^    Waldlieimia^    Terehraielin 

Magagi     Bouc/iardiOj     Morrwia,     Kratissia^    Argiope,     Thecidinm 

Siringoctphalm. 

Family  Spir^fridm*,  \ 

Veotral  valve  with  prominent  hinge- teeth,  and  slightly  produced 
and  notched  beak*  Dorsal  valve  with  a  era  all  cardinal  procesi,  i 
divided  hinge-plate^  and  a  pair  of  internal  slender  calcareous  bracbtil 
appendages  disposed  in  numerous  close  spiral  coil%  nearly  filling  tin 
sheU. 

Genera  Spirifetj  Aih^ris,  Eeiziaf  l/iici/e*. 

Family  Bht/nt-honrllrfft^, 

Ventral  valve  with  a  prorainent  notched  beak ;  giving  passage  to  a 
peduncle :  hinge-teeth  supported  by  dental  plates.  Dorsal  valve 
with  a  deeply  divided  liinge-plate ;  and  two  short,  rarely  spiral, 
internal  brachial  processes. 

Genera    Bhi/jichoyicUa,  PentamcrvSy  Atri/pa, 

Family    OrthidcB. 

Both  valves  with  short  subequal  beaks  ;  a  straight  and  wide  hinge- 
plate,  notched  in  the  niiildle.  Ventral  valve  with  prominent  teeth: 
dorsal  valve  with  a  tooth-like  cardinal  process,  between  two  curved 
brachial  processes. 

Genera  Orthis,  Strophonema,  Lcptcena^  Koninckia,  Davidsonia^ 
Calceola. 

Family  Productidce, 

Ventral  valve  convex,  with  a  slightly  notched  hinge  line :  dorsal 
valve  concave,  with  a  prominent  cardinal  process  and  subcentral 
short  brachial  processes. 

Genera  ProduQta,  Strophalosiay  Chonetes. 
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Familj  Craniada. 
Shell  hinge-less,  attached  by  the  umbo  or  whole  breadth  of  the 
ventral  valve :  a  short  median  brachial  process. 
Genera  Crania, 

Family  Orbiculida. 
Valves  not  articulated.    Ventral  valve  perforated  for  the  passage 
of  the  pedicle. 

Genera  Orbicula  {Discinay  Lam.),  Orbicuhideay  Siphonotreia. 

Family  Lingulides. 
Shell  hinge-less,   sabequivalve,   attached    by  a  longish    pedicle 
passing  out  between  the  cardinal  end  of  the  valves.      Grenerative 
sinuses  prominent  and  parallel  on  the  inner  surface  of  the  mantle- 
lobes. 

Genera  Lingula^  Obolus. 


LECTURE  XXI. 

LAMELLIBRANCHIATA. 

The  relation  of  the  contained  soft  parts  to  the  bivalve  shell  of  the 
Brachiopoda  is  such  that  one  valve  is  ventral,  the  other  is  dorsal 
in  position.  In  the  Lctmellibranchiaia  one  valve  is  applied  to  the 
right  and  the  other  to  the  left  side  of  the  animaL  In  the  common 
oyster  and  the  Anomia,  which  are  as  fixed  and  motionless  as  the 
Brachiopods,  the  two  lobes  of  the  mantle  are  as  little  united  with 
each  other,  and  there  is  as  little  evidence  of  any  locomotive  organ 
or  foot.  The  muscles  of  the  shell  retain  a  certain  complexity  in 
Anomia,  but  in  Ostrea  are  reduced  to  a  single  adductor.*  The 
spiral  brachia  are  replaced  by  two  shorter  and  more  simple  processes, 
and  the  inferior  labial  fold  is  produced  on  each  side  to  the  same 
length,  so  that  there  is  a  pair  of  labial  processes  on  each  side  of  the 
roouth.  These  appendages,  like  the  arms  in  Orbicula  and  Lingular 
have  no  internal  calcareous  support,  which,  by  being  bent,  could 
open  the  valves ;  but  they  are  long  enough,  in  some  species  of  Ano' 
mia,  to  be  protruded  from  the  shell.  In  other  Lamellibranchs  the 
labial  processes  {fig.  188,  d)  are  shor^  and  are  more  glandular  than 
muscular.  Most  of  the  present  acephalous  class  are  free  and  loco- 
motive.    The  instrument  by  which  they  move  from  place  to  place  is 

♦  Preps.  No«.  65. 
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ft  ^ngle  nymmL'tjical  muscular  organ  (i&.  b)  developed    Trom    l^^ 

ventral   surface   of  the  visceral   tnaaa.     The   body  and    protectin 

»Iiell  (i6.  a)  id  longer  in  proportion  to  its  depth 

in  these  locomotive  bivalves;  and  there  are  two 

muscles  provided  for  closing  the  valves.*     Tiie 

ftupfFfttbird  one  (lA.  c)  is  anterior  to  the    mouth  5 

the  bomologue  of  that  which  exigts  in  the  oyster 

being  the  posterior  adductor  (*&./)•  In  all  the  r 
present  class  the  divarication  of  the  valves  is 
provided  for  by  the  in8tfrtion  of  an  elastic  sub- 
Mnncc  nt  their  hingef  ;  nnd  the  valves  are  drawn  ' 
fogcthcr  and  closed  by  the  contraction  of  the  ad- 
ductors. The  bivalves  with  one  adductor  muscle 
are  termed  **  monoroyaries  ;**  those  with  two  ad- 
ductors **  dim  varies."  The  dimyary  bivalves  have 
always  a  foot  {Jiff,  188,  A) :  in  its  least  developed 
condition  it  is  sub&ervient  to  the  function  of 
a  gland  which  secretes  a  glutinous  material  ana- 
logous to  silk,  the  filaments  of  which  servo  to  at-  

tiLch  certain  bivalves  as  the  Pinna  and  the  common  mussel,  to  rodel 
these  filamentii  anj  termed  the  **  bysgu?  {^g,  19li  ^,  o)**"  Hie  vlsce^rtl 
mass  occupies  about  half  the  cavity  of  the  shell  next  the  hinge-  The 
rest  of  lh«  intt-rspace  of  the  pMllial  lobes  is  filmost  wholly  occupied  by 
the  branchiftl  bmime  (^t/A88,  c,  e\  which  are  uauully  four  in  number, 
of  a  crescentic  figure,  [daced  two  on  each  side  of  the  visceral  ma^s. 
Tliis  is  the  cfmractenslic  condiiion  of  the  respiratory  organs  in  the  pr 
sent  class  of  Acephalous  Mollusca,  and  from  which  it  derives  its  nan 

In  the  oyster  the  moutli  opens  beniatb  a  hood-shaped  fold  of 
mantle,  at  the  middle  of  the  base  of  the  labial  processes:  the  canj 
18  continued  by  a  short  oesophagus  to  an  expanded  stomach,  fro 
whicli  numerous  ramified  hepatic  follicles  are  developed.  The  in^ 
testine,  after  describing  a  few  convolutions,  is  continued  along  the 
branchial  interspace  towards  the  extremities  of  the  brauchiae  which 
are  furthest  from  the  mouth,  where  it  opens  into  the  pallial  cavity. 
The  ovarium  or  the  testis  surrounds  the  intestinal  convolutions,  and 
forms  with  tlie  liver  the  chief  part  of  the  visceral  mass;. 

The  veins  of  the  oyster  terminate  in  a  single  auricle,  which 
transmits  the  blood  to  a  pyriform  ventricle ;  the  two  divisions  of  the 
heart  being  contained  in  a  distinct  pericardium,  situated  between  die 
visceral  mass  and  the  concave  margin  of  the  adductor  muscle. 

The  principal  centre  of  the  nervous  system  lies  upon  the  oppoaii 
convex  margin  of  the  same  muscle,  supplies  it  with  nervous  influenc 

•  Preps.  Nos.  .^l  and  52.  |  Preps.  66,  07.  X.  vol.  i.  p.  16, 
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distribates  branches  to  the  mantle,  to  the  gills,  and  sends  forwards 
two  long  filaments,  parallel  with  each  other,  one  on  each  side  of  the 
visceral  mass,  to  the  sides  of  the  mouth,  where  they  form  a  pair  of 
small  ganglions,  communicating  with  each  other  hj  a  transverse 
branch  above  the  mouth,  supplying  the  labial  processes,  and  forming 
a  second  feeble  communicating  arch  beneath  the  mouth,  from  which 
the  gastric  nerves  are  continued. 

Afler  a  few  examinations,  guided  by  the  foregoing  sketch,  of  the 
anatomy  of  the  most  simple  bivalve,  the  student  will  be  prepared  to 
comprehend  and  avail  himself  of  the  further  details  of  the  modifica- 
tions of  the  Lamellibranchiate  type  of  organisation. 

In  most  dimyary  bivalves  the  foot  is  an  organ  of  locomotion.  To 
some  which  rise  to  the  surface  of  the  water,  it  acts,  by  its  expansion, 
as  a  float ;  to  others  it  serves,  by  its  bent  form,  as  an  instrument  to 
drag  them  along  the  sands ;  to  a  third  family  it  is  a  burrowing  organ ; 
to  many  it  aids  in  the  execution  of  short  leaps.  In  the  piddocks 
( Pholas)  two  strong  muscles  are  sent  from  the  foot  to  be  attached  to 
the  rough  spatulate  terminations  of  the  bent  processes  under  the  beaks 
of  the  valves ;  these  serve  as  fulcra  in  the  excavating  actions  of  the  foot. 

We  may  generally  observe  in  relation  with  the  greater  develop- 
ment and  more  active  functions  of  the  foot,  a  corresponding  com- 
plexity of  the  respiratory  system.  This  is  effected  by  the  super- 
addition  of  accessory  organs  in  the  form  of  tubular  prolongations 
of  certain  parts  of  the  margin  of  the  mantle,  which  are  provided 
with  a  special  development  of  muscular  fibres:  these  are  called 
"siphons"  (ib.g,h),  and  have  for  their  retraction  special  muscles 
attached  to  the  valves  of  the  shell :  in  the  Pholas  crispata  there  is  a 
third  small  accessory  gill  on  each  side. 

In  the  Mediterranean  bivalve  called  Cytherea  chione  {fig,  189)  we 
have  an  example  of  one  of  these  highest  organised  of  the  acephalous 
Mollusca,  in  which  the  characters  of  its  grade  of  structure  are  in- 
structively impressed  upon  the  valves  of  the  shell.  The  muscular 
fibres  (a,  a)  which  retract  the  margins  of  the  mantle  have  their  fixed 
point  within  the  margin  of  the  shell,  and  leave  there  a  linear  im- 
pression at  a  a  \  the  closing  shell-muscles  leave  deeper  im- 
pressions; b  is  the  anterior  adductor,  and  h'  its  corresponding 
impression ;  c  is  the  posterior  adductor,  and  c'  its  impression ;  d 
is  the  retractor  of  the  siphons,  and  d!  its  impression :  e  shows 
the  transverse  fibres  of  the  foot,  which,  by  their  contraction, 
lengthen  the  organ,  and  cause  it  to  protrude :  f  marks  the  longi- 
tudinal fibres  or  retractors  of  the  foot :  their  origin  leaves  a  small 
roundish  impression  near  the  back  part  of  the  hinge  of  the  shell. 
When  the  siphons  are  present,  they  are  always  two  in  number,  cor- 
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ading  with  the  oral  and  ftnal  npertures  in  the  tunic  of  the  Ai- 
X :  in  /^,  189,  ^r  is  the  iahalent,  and  /  the  exhalent,  sipUoiw 


Ciiherea  chionp. 

Tlie  labial  processes  are  shown  at  h :  the  stomach  at  t.  A  remark- 
able elongated  amber-coloured  body,  called  the  crystalline  style,  is 
indicated  at  A :  it  is  contained  in  a  special  cyst,  surrounded  by  cir- 
cular fibres,  with  its  free  extremity  protruding  into  the  stomach. 
Its  homologue  exists  in  a  rudimentary  state  "  as  a  detached  piece  of 
cartilage"  in  the  stomach  of  the  Oyster ;  its  office,  as  conjectured  by 
its  discoverer,  being  "  to  assist  in  the  trituration  of  the  food."*  In 
the  Pholas  it  has  the  form  of  a  folded  plate.  To  pound  and  mix  the 
alimentary  molecules  with  the  gastro-hepatic  secretions  seems  more 
obviously  to  be  its  function  in  the  Bivalves,  in  which  the  style  is 
fully  developed  and  projects  into  the  stomach  like  a  pestle  in  a 
mortar.f 

The  intestine  (/),  after  a  few  convolutions  amongst  the  lobes  of  the 
liver  and  genital  gland,  forms  the  rectum  (m),  which  perforates  the 
ventricle  of  the  heart  (w),  and  passes  dorsad  of  the  posterior  adductor 
to  terminate  by  the  anal  opening,  at  the  base  of  the  siphon  g\     The 


*  CCCXI.  p.  17. 
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blood  is  received  from  the  veins  of  the  gills  (p)  in  this,  as  in  all  other 
dimyarj  bivalves,  by  two  auricles  (o,  o),  which  transmit  their  con- 
tents to  the  single  fusiform  ventricle,  perforated  in  the  remarkable 
manner  just  shown.  In  the  genus  Arca^  which  is  remarkable  for  its 
great  breadth^  the  ventricle  itself  is  divided  into  two  cavities, 
having  the  rectum  in  the  interspace.  An  arterj  is  continued  from 
each  ^extremity  of  the  ventricle,  which  distributes  the  oxygenated 
blood  over  the  viscera,  the  muscular  system,  and  the  mantle.  The 
efiTerent  vessels  speedily  lose  the  cylindrical  form  and  expand  or  open 
into  large  sinuses  conformable  with  the  lacuna  of  the  viscera  and 
other  organs. 

The  gills  are  essentially  internal  highly  vascular  folds  of  the  pallial 
membrane,  and  are  strengthened  by  series  of  delicate  jointed  fila- 
ments which  support  several  rows  of  curved  vibratile  cilia.  The 
respiratory  currents  are  occasioned  by  the  ceaseless  action  of  these 
cilia,  and  are  not  dependent  upon  any  opening  or  closing  of  the 
valves  of  the  shell.  The  ciliary  action  is  that  likewise  which  brings 
the  nutrient  molecules  to  the  mouth,  chiefly  along  the  marginal 
grooves  of  the  branchial  plates,  where  the  molecules  are  mixed  with 
mucus  and  moulded  into  small  filamentary  masses. 

In  Lucina  and  Cordis  there  is  only  a  single  gill  on  each  side :  as  a 
general  rule  there  are  two.  Each  gill  consists  of  two  membranous 
plates,  continued  into  each  other  at  the  free  margin  of  the  gill  (Jig. 
193,  b)  ;  the  contiguous  plates  of  the  two  gills  are  continuous  at  the 
base  or  bottom  of  the  branchial  interspace,  where  they  are  fixed :  the 
basal  border  of  the  plate  forming  the  opposite  side  of  the  gill  is  free 
where  it  extends  along  the  base  of  the  foot,  and  is  continued  into  the 
base  of  the  inner  gill  of  the  opposite  side,  behind  the  foot,  in  the 
fresh-water  muscles,  as  at  e.  The  two  plates  of  each  gill  are  united 
together  at  pretty  regular  intervals  in  the  direction  of  their  breadth 
by  transverse  septa  or  bars  {^gs.  190,  t,  193,  c)  so  as  to  include 
canals  running  transversely  to  the  gill-plates.  According  to  the 
course  of  the  current  of  water  through  these  interlaminar  canals  they 
commence  by  the  small  slits  or  pores  along  (e)  the  groove  on  the  free 
margin,  in  the  branchial  chamber,  and  terminate  by  the  wider 
openings  at  the  fixed  margin  of  the  gill  in  the  anal  chamber. 

Fig,  190  shows  a  magnified  section  of  the  free  margin  of  the  two 
gill-plates  and  their  sustaining  laminae,  showing  the  terminal  cilia 
on  the  prominent  border  of  each,  the  processes  (a,  a)  by  which  con- 
tiguous bars  of  the  same  plate  are  joined  together,  and  the  slips  or 
septa  (i)  uniting  the  bars  of  the  opposite  plates.  The  way  in  which 
the  contiguous  bars  are  united  is  shown  at  d.  In  the  more  highly 
magnified  section, /shows  the  thick  border,  and  h  the  thin  border  of 
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mt\  tthe  sept Ufn,  and  ^^  til e  interkminnr  canaL     Eecli   blade- 
id  bar  supiioru  three  rows  of  cilia  on  each  Bide  of  its  base- 
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•  BniSichJ«l  bar  and  cilia  magniflciL     Mgirlm  rdWAt. 

e  minate  particles  suspended  in  the  brancbifd  currenta  are  carried 
,  the  ciliary  actions  towmrda  th©  mouth  j  and  the  wattr  ia  filtered 
irough  the  interlaminar  canals  before  It  escapes-  The  walls  of  the 
^nterlaminar  tubes  support  a  regular  network  of  blood  vessels,  longi- 
tudinal and  transverse,  the  latter  being  most  prominent :  the  meshes 
are  parallelograms,  and  form  open  spaces,  fringed  internally  by  a 
narrow  ciliated  membrane.  The  cilia  compel  the  requisite  move- 
ments of  the  water  in  the  branchial  chamber,  when  the  bivalve 
remains  suspended  in  the  air,  as  happens  to  a  mussel  attached  to  a 
rock  above  low-water  mark.  Even  when  the  animal  is  in  such  a 
position  as  to  be  immersed  only  for  about  two  hours  in  seventy-five 
days  out  of  the  year,  it  can  live  and  grow :  the  retained  water  de- 
riving oxygen  from  the  atmosphere,  and  the  animalcular  food  propa- 
gating therein.  The  life  of  the  "  tree-oysters"  ( Ostrea  polymorphd) 
suspended  to  the  mangrove  branches  is  similarly  explained  through 
the  wonderful  mechanism  of  the  ever  active  microscopic  cilia. 

The  two  gills  of  one  side  are  usually  connected  with  those  of  the 
opposite  side  by  their  hind  ends  only  ;  but  sometimes  the  union  is 
more  extensive.  In  a  few  genera,  as  Anatina  and  Pholadomya  the 
two  gills  of  the  same  side  are  so  united  as  to  appear  like  a  single 
gill.  In  the  Pholadomya  this  forms  a  thick  oblong  mass,  finely 
plicated  transversely,  attenuated  at  both  extremities,  slightly  bifid  at 
the  posterior  one.  A  line  traverses  longitudinally  the  middle  of  the 
external  surface,  which  has  no  other  trace  of  division.     The  branchioB 
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on  each  sid6  adhere  to  the  mantle  by  the  whole  of  their  dorsal 
margin,  and  are  united  together  where  they  extend  beyond  the 
visceral  mass,  being  separated,  by  the  interposition  of  that  mass, 
along  their  anterior  two-thirds.  A  narrow  groove  extends  along  the 
free  anterior  margins  of  each  gill.  When  the  inner  side  of  this  ap- 
parently  simple  gill  is  examined  it  is  seen  to  be  divided  into  three 
longitudinal  channels,  by  two  plates,  containing  the  vascular  trunks 
and  nerves  of  the  gills.  A  style  passed  from  the  excretory  siphon, 
behind  the  conjoined  extremities  of  the  branchise,  enters  the  dorsal 
channel,  from  which  the  excretory  respiratory  currents  are  discharged ; 
the  middle  channel  is  characterised  by  an  orifice  which  conducts  into 
the  cavity  of  the  gill,  where  the  ova  are  hatched  :  the  third  channel 
forms  the  inner  or  mesial  surface  of  the  gill,  which  is  not  otherwise 
divided. 

Although  the  microscopic  cilia  form  the  ordinary  and  constant 
dynamical  part  of  respiration,  the  function  is  occasionally  influenced 
by  the  muscles  of  the  shell,  as  when  the  water  is  squirted  out  of  the 
siphons  by  a  sudden  shutting  of  the  valves.  The  quiet  and  ordi- 
nary respiratory  current  enters,  in  Anomia,  at  the  anterior  base  of 
the  shell,  and  escapes  posteriorly  near  the  termination  of  the  branchiae. 
In  Modiola  vulgaris  the  current  enters  by  the  cirrigerous  border  of 
mantle,  and  between  that  part  and  the  foot :  it  escapes  by  the 
posterior  produced  part  of  the  mantle.  In  Mactra  and  Tellina,  when 
the  conjoined  siphons  are  extended  and  the  hyaline  valve  is  exserted 
from  the  anal  siphon,  the  current  flows  in  at  the  *'  inhalent  **  branchial, 
or  ventral  siphon  (^.  188,  A),  and  rushes  out  by  the  "exhalent,** 
dorsal,  or  anal  siphon  (ib.  g) :  there  is  no  current  at  the  pedial  aperture. 
The  branchial  siphon  is  often  much  dilated,  so  that  its  diameter  greatly 
exceeds  the  anal  one,  e,  g,<,  in  Pholas,  The  siphonal  apertures,  espe- 
cially the  inhalent  one,  are  provided  with  a  circle  of  tentacles,  to 
prevent  the  ingress  of  noxious  particles. 

There  is  a  remarkable  plexus  at  the  base  of  the  gills,  near  the  pe- 
ricardium, which  surrounds  a  distinct  glandular  organ  in  the  higher 
bivalves.  It  is  double :  each  sac  is  elongated  with  glandular  walls, 
and  communicates  with  the  pallial  cavity  by  a  small  prominent  ori- 
fice, usually  close  to  the  genital  pores.  The  secretion  of  this  body 
abounds  with  calcareous  particles,  and  it  was  called  by  Poli  the  secre- 
ting organ  of  the  shell :  it  is  shown  at  Jig.  189,  r.  Modem  analysis 
has  detected  a  large  proportion  of  uric  acid  in  these  sacs,  and  has 
thus  determined  them  to  be  the  renal  organ. 

An  orifice  at  the  extremity  of  the  foot  of  Soien,  at  the  middle  of 
the  foot  of  Cardiumy  and  the  tube  situated  above  the  pedunculate 
anus  of  Pinntty  admit  the  sea-water  into  a  reticulate  system  of 
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disnnelfl  in  the  substance  of  tbo  foot,  tlienee  exteodiiig  into 
lobe0  of  the  mantle,  and  into  a  part  of  the  visceral  niass:  bj  tl«it 
provision  for  the  admimon  of  water  the  foot  can  be  swollen  out,  like 
a  sponge,  and  made  to  exceed  the  cApaeity  of  tbe  sUelL  Tbe  rela* 
tions  of  this  aquiferous  system  to  the  sanguiferous  one,  are  net 
satisfactorilj  determined*  The  fine  jets  of  water  expelled  from  tlie 
foot,  and  the  border  of  tbe  mantle,  when  a  Solen  is  suddenly  removed 
from  the  water^  are  from  the  aquiferous  canals. 

The  nervous  system  advances  in  a  regularly  proportional  degree 
with  the  complexity  of  the  general  organisation,  and  especially  irttli 
the  muscular  system:  the  ganglion  upon  the  posterior  adductor, 
which  is  most  conspicuous  in  the  oyster,  is  the  largest  and  luoal 
oonftaiit  in  all  other  bivalves ; 
it  supplier  the  branching  with 
their  nerves,  and  when  these 
are  Approximated  on  each  side, 
it  is  single ;  when  they  are 
wider  apart,  it  is  double  (i). 
It  is  called,  therefore,  tbe 
branchial  ganglion,  but  it  dis* 
tributes  an  equal  share  of 
nerves  to  the  posterior  and 
donud  parts  of  the  mantle. 
In  the  common  muscle  (^i7* 
191)  the  labial  ganglions  (/) 
may  be  distinguished  by  their 
yellow  colour  at  the  base  of 
the  labial  processes.  They 
are  connected  by  a  short  trans- 
verse nervous  chord  (r^  pass- 
ing above  or  in  front  of  tbe 
mouth*  From  each  of  the 
ganglions  two  principal  nerves 
are  given  off,  one  (a)  passing 
forwards  to  the  anterior  ad- 
ductor, the  other  (d)  back- 
wards along  the  base  of  the  foot  and  the  visceral  mass  to  the  poste- 
rior adductor,  where  it  joins  tbe  branchial  ganglion  (A).  At  a  short 
distance  from  the  labial  ganglion  this  latter  nervous  chord  sends 
off  a  branch  (e),  which  communicates  with  its  fellow  by  means  of  a 
bilobed  ganglion,  situated  at  the  anterior  part  of  the  base  of  the 
foot.  This  pedial  gonglion  (p)  and  the  labial  and  branchial  ganglions 
constitute  the  principal  centres  of  the  nervous  system  in  the  Mi/ f tins 
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edulis.    The  pedial  ganglion  distributes  nerves  in  one  direction  to 
the  retractors,  in  another  to  the  substance  of  the  foot,  and  it  sends 
the  nerve  to  the  acoustic  sac  («).     The  branchial  ganglions  (6)  send 
off  nerves  (/),  which  diverge  as  they  pass  to  the  base  of  their  re- 
spective gills  :  then  each  gives  off  a  large  nerve  (g)  which  passes  over 
the  adductor  muscle  to  the  hinder  part  of  the  pallial  lobe,  along 
which  it  curves,  and  is  continued  forwards  near  the  border  of  the 
mantle  until  it  meets  and  anastomoses  with  the  corresponding  nerve 
(a)  which  is  continued  over  the  anterior  adductor  from  the  labial 
ganglion.     These  circumpallial  nerves  (^,  a)  send  off  branches  which 
form  loops  at  the  base  of  the  tentacles  from  the  posterior  border  of 
the  mantle,  and,  along  the  rest  of  the  free  border,  form  a  circumpallial 
plexus  (A,  A'),  which  is,  also,  continued  along  the  anterior  and  cardinal 
borders  of  the  mantle,  unconformably  with  the  circumpallial  nerve.* 
The  nerves  of  this  and  other  bivalves  present  the  soft  and  pellucid 
structure  which  is  so  common  in  the  aquatic  invertebrata.     The  mo- 
dification of  the  nervous  system,  in  other  bivalve  mollusca,  have  been 
ablj  compared  and  homologised  by  Mr.  Garner.f     In  the  oyster  the 
suboesophageal  loop  is  slender  and  contracted,  and  unconnected  with 
any  other  ganglion  excepting  the  labial  ones  in  the  pedate  bivalves ; 
the  suboQsophageal  loop  is  more  or  less  lengthened,  having  the  form 
of  a  Roman  arch  in  the  Pecten,  and  that  of  the  Gothic  or  pointed 
arch  in  the  Cardium  and  Mya ;  it  has  for  its  keystone,  if  we  may 
pursue    this  analogy,  the   pedial   ganglion.     In  some  species  this 
ganglion  is  more  distinctly  bilobed  than  in  others  ;  sometimes,  as  in 
the  Pholas,  it  is  situated  more  superficially  near  the  tip  of  the  foot ; 
in  all  it  seems  to  be  the  centre  from  which  the  viscera  derive  their 
nerves.     The  largest  and  most  constant  ganglions  are  those  situated 
upon  the  posterior  adductor  muscle,  following  this  muscle  in  all  ifs 
varieties  of  position,  and  manifesting  likewise  differences  in  relation 
to  the  branchisB,  but  always  brought  into  direct  communication  with 
the  oral  or  labial  ganglions.    In  these  bivalves,  as  Ostreci,  Cardium^ 
Unio,  AnomiOf  Venus,  Pholas,  Teredo,  Solen,  Mya,  and  Mactra,  in 
which  the  gills  of  one  side  are  united  to  those  of  the  opposite,  the 
branchial  ganglia  are  conjoined.     But  in  those,  as  MytiliM,  Modiola, 
Pecten,  in  which  the  branchia  are  separate,  and  at  a  distance  from 
one  another,  the  two  ganglia  are  distinct,  and  joined  by  a  transverse 
chord  of  greater  or  less  extent.     A  small  siphonic  ganglion  is  deve- 
loped at  the  point  of  confluence  of  the  muscular  respiratory  tubes 
in  the  bivalves  which  possess  those  accessory  organs  of  respiration. 
Dr.  Siebold  %  discovered  the  organ  of  hearing  in  the  Cyclas  Naia^ 

*  See  the  beaatifal  dissections  by  Mr.  Goadby,  Nos.  613—619. 
t  CCCXIV.  t  CCCXIII.  p.  49. 


Qf  the  cinrumpaiij^ii  r*/rr^<:  in':i</>^*,  a  vitr^ir^o*  b-i^tj  ;ompos^  of  non- 
uucleated  c^rlU,  in  front  of  whi^h  I>  a  f!^tc/rii»eii  ^rrftalline  lens:  the 
pigment jlI  coat  /y,f» >!<•>;  at  th*:  f/^k  f>art  of  j-jjf-icaptfii  eorposcles;, 
and  in  front  t^rmin^t*:*  hy  a  rirc  ilar  pupil.  In  t&jtji:  ocfier  biralTes 
the  simpk  ttU^rnhntn  for  tzx^Wiw/  touch  to  a  fenie  ot  li^K»  riz^  a 
nenre-maM  and  yx^uuui  rna>i«,  ar*:  alonf:  found,  withoat  anj  dioptric 
adjunct*  for  ihtt  fi'j:fj^xi\wm  of  an  image.  Carlisle  J  first  showed 
that  ojnifzrn  wcra  h*zm'Mft  of  li;rht ;  having  observed  that  thej  closed 
their  valvr^n  when  th^i  shadow  of  an  approaching  boat  was  thrown 
forward,  «o  m  to  cover  thern  b<:fore  an/  undulation  of  the  water 
could  have  rea^;hed  thcra. 

The  labial  palp»  w;em  well  a^lapted,  both  by  structure  and  position, 
to  exercinfj  the  »en»€  of  «mell ;  but  of  the  existence  of  this  sense,  or 
of  taute,  in  the  accplialous  mollusks,  we  have  no  proof.  In  Nmemia 
the  pnlp«  arc  rigid.  The  mantle  is  highly  susceptible  of  impressions 
by  contact  at  it«  free  border  ;  and  the  soft,  often  highly  coloured, 
ciliated  proce««€S  from  that  and  other  parts  of  the  unattached  surface 


•  (:C'<:XII  ii.  p.  153  t.  xxii  ,  fig.  1,  4. 
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of  the  skin,  especially  about  the  inhalent  and  exhalent  orifices,  are 
very  irritable. 

Between  the  freely  open  state  of  the  mantle  in  the  oyster  and 
similar  monomyary  bivalves  (Ostracea\  and  its  condition  in  the 
dimyary  bivalve  {Ct/therea),  selected  for  the  demonstration  of  the 
general  organisation  of  the  Lamellibranchs,  there  are  intermediate 
modifications.  The  common  mussel  is  the  type  of  a  family  (Mi/tilacea) 
in  which  the  mantle  is  widely  open  anteriorly,  the  margins  of  the 
lobes  being  united  together  posteriorly,  except  for  a  small  space 
forming  an  inlet  for  the  respiratory  currents  and  an  outlet  for  the 
excrements.  In  the  Chamacea  the  margins  of  the  pallial  lobes 
coalesce,  leaving  a  small  anterior  aperture  for  the  foot,  a  second 
smaller  one  for  inhaling  the  respiratory  and  nutrient  currents,  and  a 
third  posterior  orifice  for  excretion.  The  families  typified  by  the 
VentAs  and  Mactra  have  the  two  latter  orifices  produced  into  a 
si  phonic  tube,  and  the  anterior  or  pedial  aperture  corresponds  in 
width  with  the  superior  size  of  the  foot.  In  the  Tellinida  {fig,  187.), 
the  siphons  are  separate  and  can  be  much  elongated.  The  modifi- 
cations of  the  mantle  are  essentially  the  same  in  the  family  called 
Liclusa ;  but  the  narrower  and  longer  figure  of  the  body  occasions  a 
greater  proportion  of  the  confluent  margins  of  the  mantle  between 
the  anterior  pedial  and  the  posterior  siphonic  apertures,  whereby  the 
mollusk,  especially  when  the  foot  is  small,  becomes  inclosed  in  a 
membranous  tube  or  sheath.  Tlie  siphons  are  short  and  united  in 
the  razor-shell  (  Slo/en  siliqud) ;  they  are  longer  and  partly  separate  in 
the  shorter-bodied  solens.  In  the  Panopcea  the  long  common  siphonic 
tube  is  covered  by  a  thick  rough  epiderm  and  is  not  wholly  retractile. 
The  still  longer  siphon  of  the  shipborer  {Teredo^  which  forms  a 
very  great  proportion  of  that  vermiform  mollusk,  is  unprotected  by 
the  bivalve-shell.  A  well-marked  modification  of  the  mantle  is  pre- 
sented by  the  Pholadomya^  which  has,  besides  the  pedial  and  two 
siphonic  apertures,  a  fourth  orifice  at  the  under  part  of  the  base 
of  the  siphon,  leading  by  a  valvular  protuberance  into  the  anterior 
of  the  pallial  cavity.  This  additional  aperture  co-exists  with  a 
second  small  muscular  process  or  foot,  which  is  bifurcate  at  the 
extremity. 

The  bivalve  shell  of  the  Lamellibranchs  offers,  as  might  be  ex- 
pected, many  modifications  corresponding  in  general  with  those  of 
the  mantle ;  but  otherwise  related,  in  a  few  species,  with  borinjr 
habits  and  a  peculiar  locality,  other  calcareous  parts  in  a  tubular  or 
other  form  being  then  usually  superadded.  The  shell  consists  es- 
sentially of  an  organised  extravascular  combination  of  gelatinous 
membrane  and  calcareous  earth,  chiefly  carbonate  of  lime,  arranged 
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taken  iraai  #  ii»  f  i  to 
fcrimltfc,  t  tight  Migte^ 
IfMi  tll«  4arwl  to  liit 
Y«Bti«l  borltr,  /;  to 

aeroM  Ito  doari  r«1^7S 
al  Ito  wmM  pvoaiiMiiiC 
|«rl»  from  tlie  riglit  ta 
iIm  left  ode  of  tlw  anliiist  Trmrfg  jmnK  in  in«gtti«i]<Mit  vitbiti 
tlte  9ben  (^  I9i.%  wttb  jroor  beai  Unrinis  c,  end  jotnr  bm*k 
towards  a  and  ^  uid  yon  mQ  ifseofikM  tkis  valre  fi^red^  as  tlie 
i^SpAl  v«lf«.  Amerior  to  tbe  tiabo  1^  therB  is  imiall/  an  ovtil  de- 
ffTttsloii^  fbfmip^  a  coacmTitj  in  tlw  ootliae  of  the  rtlw^ ;  it  U  calted 
the  fimir/a  r.  Tho  liing^liganeiit  isaonkeliiBes  bttween  the  umboneai 
never  anterior  to  llieiii.  If  tlie  slietl  be  divided  bjr  ft  lino  dropping 
from  tlio  ttmbo  into  an  anterior  {t  f\  and  pootenor  {f*f\  ?^^» 
it  ta  neTer  eqnaUj  divided  ;  in  otlier  wcvdi^  it  is  int 
I^eiumemiuM  ifl  least  so:  in  Gfgcyimms  and  S^^mifa  tlu 
moiety  >«  longer  than  the  posterior  one  i  in  almost  all  other  biral^ 
it  ia  shorter,  as  in  Jiff  192*.  and  commonlv  much  shorter* 
Laai«*)libranchs  are  ^qmiraive,  that  is,  the  right  and  leil  valves  are^ 
the  §mme  size  and  shape*  The  exceptions  occur  in  the  staiiuiiarjf 
and  oi^n  ^ed  specie$«  which  He  on  one  Fide,  vvhen  the  lower  Talvo  is 
deeper  And  more  capacious  than  the  upper  one:  this  lower  valve  in  the 
oy»ter.  Pandora,  and  Ltfonna  is  the  hfi  valve,  the  smaller  and  *' 
upper  vulve  is  the  right  one  :  in  Chamoitrea  and  Corbula^  the 
the  iiBftlh'M  valve*   The  Flacunt^^  Pectenen^  SpoHd^U^  and  Avicuii^ 
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rest  on  the  right  valve :  the  Anomue  are  attached  bj  degenerated 
muscular  fibres  passing  through  a  hole  or  notch  in  that  valve.  All 
these  shells  are  called  inequivalve.  The  bivalve  is  called  close  when 
the  valves  fit  accurately ;  it  is  gaping  if  part  of  the  borders  do  not 
come  into  contact  when  the  shell  is  shut :  in  Gastrochana  this  per- 
manent opening  is  anterior,  and  serves  for  the  passage  of  the  foot ; 
in  Mya  it  is  posterior,  and  serves  for  the  passage  of  the  siphons  ;  in 
Byssoarca  it  is  at  the  ventral  border,  and  serves  for  the  passage  of 
the  bjssus  ;  in  Solen  and  Glycymeris  the  shell  gapes  at  both  ends. 

The  outer  surface  of  the  shell  is  usually  coated  by  an  uncalcified 
layer  of  albumen  called  the  periostracum  or  epiderm,  continuous  with 
the  mantle.  This  surface  is  variously  ornamented  in  many  species  ; 
sometimes  with  ridges  or  "ribs,**  which  may  be  either  concentric  and 
conformable  with  the  layers  of  growth,  or  radiating  from  the  um- 
bones  to  the  free  margins  of  the  valves  ;  and  the  ribs  may  be 
direct,  bent,  oblique,  or  wavy.  In  Tellina  fabula  the  sculpturing 
is  confined  to  the  right  valve.  In  many  species  of  Pholas,  Teredo, 
and  CardiutHf  the  surface  is  divided  into  two  areas  by  a  dorso- 
ventral  furrow,  or  by  a  change  in  the  direction  of  the  ribs.  The 
thorny  oysters  (Spondylus),  are  so  called  on  account  of  the  spines 
which  project  from  the  rib-lines  ^  they  are  longest  and  in  greatest 
number  upon  the  non-adhering  valve.  In  some  conditions  of  the 
shell  the  spines  expand  into  foliaceous  forms. 

The  part  where  the  two  valves  are  joined  together  is  called  the 
hinge.  The  cardinal  or  hinge-line  is  short  in  Vulsella,  long  and 
straight  in  Avicula  and  Area,  of  moderate  length  and  curved  in 
most  genera.  The  locomotive  bivalves  have,  generally,  the  strongest 
hinges :  however,  a  very  well-developed  example  of  the  hinge 
mechanism  may  be  studied  in  the  Spondylus.  Certain  projections 
or  teeth  of  one  valve  interlock  into  cavities  in  the  opposite  valve. 
The  central  teeth,  usually  beneath  the  umbo,  are  called  cardinal 
teeth  ;  those  on  each  side  are  lateral  teeth.  In  Alasmodon  and  KeUia 
only  lateral  teeth,  in  many  bivalves  only  cardinal  teeth,  are  present : 
the  teeth  are  apt  to  become  thickened  and  even  obliterated  by  age, 
through  irregular  growth  or  by  the  encroachment  of  the  hinge-line. 
M.my  of  the  fixed  and  boring  shells  are  edentulous. 

The  soft  mechanism  of  the  hinge  consists  of  the  ligament  and 
spring.  The  ligament  is  a  tough  thickened  portion  of  albuminous 
matter,  like  that  of  the  periostracum,  and  is  usually  attached  to 
ridges  on  the  outer  (dorsal)  part  of  the  hinge-margin,  behind  the 
umbones  ;  it  is  consequently  stretched  by  the  closing  of  the  valves; 
The  spring,  sometimes  called  '*  internal  ligament,"  and  (though  im- 
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properly)  the  **  cfirtllage,"  is  lodged  in  the  furrows  between 
ligamental  plates,  or  in  pita  along  tbe  hinge-Une  ;  it  is  compos 
elastic  fibres  placed  perpendicularly  to  the  surfacea  of  attacliajest, 
%&  to  be,  compressed  bjr  the  shutting  of  the  shelly  which  Uiey  eon* 
eequentlj  tend  to  open  as  soon  as  the  action  of  the  adductors  ce^sea* 
The  two  parts  are  yerj  distiact  in  the  bivalves  tbeoce  calleil 
Amphidesma  (double  ligament) ;  but  coexist  in  most  genera,  witb 
alternate  proportions^  the  ligament  being  small  in  Macira  wbicb 
A  large  spring,  and  large  in  Anadon  which  has  a  small  spring.  Thd 
Pholades  have  the  spring,  but  have  not  the  ligament:  this  is  repUced 
hj  the  homologue  of  the  anterior  adductor,  which  is  so  situated  as 
to  act  as  an  opimer  of  the  shell,  and  is  called  the  "  umbonal  muscle,** 
The  functions  of  the  sliell  in  this  bi>ring  bivalve  are  too  active 
and  too  frequently  in  exercise  to  be  performed  by  the  passive  elastic 
antagonist  of  the  muscular  closing  powers  which  sufilces  for  or- 
dinary bivalves. 

The  formation  and  repair  of  the  shell  are  due  to  the  development, 
change  of  form,  and  cutcification  of  cells  from  the  mantle,  its  who  la 
outer  surface  being  the  nnilrix  of  the  nacreous  layer,  its  thick  aod' 
period ically  glandular  margin  that  of  the  opake  outer  portion* 

The  microscopic  .structure  of  bivalve  anil  univalve  shells  has  been 
well  illustrated  hy  Profs.  Carpenter*  and  Qaekett|.  The  primitivo 
nucleated  condition  of  the  cell  is  sometimes  retained  after  calci- 
fication 4  The  dissolved  lirac- salts,  after  endosmotic  penetration  ot 
the  organic  walls  of  the  modelling  cell,  obey  so  far  the  general 
crystalli?^ing  force  as  to  polarise  liglit.  The  forms  of  the  constituent 
lime-particles  of  the  shell,  so  mnuMed  by  combined  vital  and  polar* 
Istng  forces,  are  manitbld  in  the  various  genera  of  bivalves.  The 
shell  of  the  Pinna,  save  a  thin  internal  layer,  is  composed  of  vertical, 
slender,  usually  hexagonal  prisms.  A  thin  outer  layer  of  the  shell 
of  the  oyster  also  presents  the  prismatic  cellular  tissue  ;  but  in  a 
great  proportion  of  this  shell  nearly  all  trace  of  development  from 
cells  is  tost:  the  gelatinous  basis  is  la melli fornix  and  this  variety  la 
called  the  subnacreous  she  11 -substance. 

Fine  tubcj*,  analogous  to  those  of  dentine,  permeate  the  thickness 
of  this  substance  in  many  shtdls  j  radiating  vertically  between  the 
ribs  in  Area;  vertical  and  scattered  in  the  inner  layer,  and  reticulate 
in  the  outer  folinceous  ^pities,  of  the  shell  of  Chama^  which  has  an 
intermediate  layer  of  ill-defiued  vertieiil  prisms.  The  prismatic 
Structure  is  rarely  found,  and  then  only  in  a  small  proportion,  in 
the   bivalves   which    have  the  mantle  lobes  in  any  degree  united. 
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The  distinction  between  the  internal  or  nacreous  layers,  and  tlio 
external  or  fibrous  layers,  has  long  been  recognised,  and  has  been 
forced,  as  it  were,  upon  the  notice  of  the  palseontologist  by  the  cir- 
cumstance  of  the  two  being  often  separated  from  each  other  in  fossil 
shells,  and  sometimes  from  one  having  perished  whilst  the  other 
remained.  As  the  nacreous  layer  alone  forms  the  characteristic 
hinge  uniting  the  two  valves  of  the  shell,  and  alone  receives  the  im- 
pressions of  the  sof^  parts,  the  true  characters  of  fossil  shells,  as  those 
of  the  Aviculidee  and  RadioliteSy  which,  in  consequence  of  their 
position  in  porous  chalky  beds,  have  lost  all  the  nacreous  layer,  cease 
to  be  determinable,  save  when  a  natural  mould  of  the  interior  has 
been  formed  before  the  pearly  lining  of  the  shell  was  dissolved. 
When  the  inner  layer  is  preserved,  its  impressions  reveal  the  organ- 
isation of  the  ancient  fabricator  of  the  shell  as  clearly  as  do  the  forms 
and  processes  of  fossil  bones  that  of  the  extinct  vetebrate  animal. 
The  layers  of  the  thick  subnacreous  inner  substance  of  the  shell  of 
the  Spondylus  have  frequently  wide  interspaces,  called  from  their 
contents  "  water  chambers :  **  this  "  camerated  **  structure  is  well 
shown  in  the  right  or  lower  valve  of  Sp,  varius,* 

The  siphon  in  some  of  the  elongated  Inclusa  cannot  be  retracted 
into  the  shell ;  they  are  consequently  exposed,  as  in  Pholadomya 
and  Pholas :  such  species  derive  extrinsic  shelter  by  burrowing  in 
sand  or  stone.  The  Pholades  have  supplemental  calcareous  pieces  in 
the  hinge  of  the  shell.  Two  small  plates  protect  the  umbonal 
muscles,  and  a  long  narrow  plate  fills  np  the  dorsal  interspace  of  the 
valves.  The  ClavageU€B  and  AspergiUa  line  their  burrows  with  a 
calcareous  layer,  which  forms  in  the  latter  a  distinct  tube,  closed  at 
the  larger  extremity  by  a  perforated  calcareous  plate.  One  of  the 
valves  of  the  normal  shell  adheres  to  the  tube  in  the  Clavagella,  and 
both  are  cemented  to  its  inner  surface  in  the  AspergiUum.  In  the 
Teredo  navalis  the  valves  are  reduced  to  mere  appendages  of  the 
foot,  at  one  extremity  of  the  animal,  and  are  almost  restricted  in 
their  function  to  the  operation  of  boring.  As  the  ship-worm  ad- 
vances in  the  wood  it  lines  its  burrow  with  a  thin  layer  of  calcareous 
matter.  The  length  of  the  body  is  chiefiy  due  to  the  prolongation 
of  the  respiratory  tubes,  each  of  which  is  provided  with  a  small 
elongated  calcareous  triangular  paddle-shaped  plate.  In  the  Teredo 
gigantea  the  tube,  which  sometimes  surpasses  six  feet  in  length,  has 
parietes  of  from  four  to  six  lines  in  thickness,  the  texture  of  which 
is  crystalline  or  spathose.  Two  tubes  are  developed  within  its 
siphonal  end.     In   Teredo  norvegica  the  tube  is  divided  longitu- 

♦  CCCXVIII.  p.  407. 

LL  3 


dinnllf,   and    nlso   transversely,  into    compartments 
pluci^d^  incomplete,  concave  septa. 

The  viiltiublc  pearls  of  eoaimurce  arc  a  more  compact  and  fii 
kind  uf  niicre,  often  developed  in  the  substance  of  the  mttnllet 
tiround  a  particle  of  aand  or  other  fureii^n  bodjr  wliicU  has  gmh 
admission  to  the  palliiil  cavity.  The  Mclfngrina  or  Avlcula 
f/ariti/tra  of  the  Indian  aea^  is  most  famotis  fur  these  prod  actio 
Those  devclupifd  in  the  gilU  or  tuner  layer  of  the  mail  lie  ikve 
and  numerous ;  those  of  the  outer  layer  are  the  largest,  bi 
regular,  and  attached  to  tlie  shell. 

The  *'  external  "  pearls  con  si  at  of  concentric  layers  of 
vertical  prisms,  the  **  internal "  pearls  of  concentric  liiycrs  of  w* 
calcified  membrane.  The  iridescent  nacreous  lining  of  Ihe  pem 
oysters  {Avicttht\  and  many  other  shells,  consists  of  the  game  wmi 
lamelliform  tissue:  the  pearly  lustre  is  due  to  the  ditfraetldn  nf  tl 
rays  of  light  by  the  out-cropping  edges  of  the  laminee,  ftnd^  in  soia 
eases,  to  the  minute  plication  of  a  single  lamina. 

If  the  shell  of  a  living  pearl-oyster  be  perforated,  and  a  mioa 
particle  of  Band  introduced,  it  becomes  a  nucleus  round  which  a  pel 
is  developed.  Linmeus  was  knighted  on  making  known  to  li 
soTereign  this  practical  application  of  his  science;  but  the  arttfiet 
production  of  pearls  had  long  been  known  to  the  Chinese,  wl 
obtain  them  of  definite  forms  by  introducing  subitances  of  the 
quired  shnpc  into  the  shell 

The  Unio  margitrittfera^  or  pearl-mussel  of  British  lakes  and  river 
is  fished  up  for  the  ornamental  excretions  to  which  it  la  subjects  It 
probable  that  the  pearls  from  this  source,  collected  by  the  anciei 
Britons,  may  have  given  rise  to  the  statement  by  Tacitus  in  his  Ul 
of  Agricola,  of  **  pearls  not  very  orient,  hot  pale  and  wan,**  betn 
among  tl»e  indigenous  product-s  of  the  conquered  island.* 

The  peculiar  shape  and  development  of  the  foot  in  the  Solen 
other  "  burrowing ''  bivalves  miglit  have  led  to  its  recognition  as  l£ 
excavating  agent,  if  even  it  had  not  been  geen  to  effect  the  purpose  i 
the  living  moHusk.  Direct  observation  of  the  "boring"  bivalvcj  i 
the  act  of  perforation  has  been  rarely  enjoyed,  and  the  instrumeni 
have  been  guessed  at  or  judged  of  from  the  structure  of  the  animaU 

The  peculiar  shapCj  great  strength,  and  restricted  size  of  the  cofl 
eentrically  ridged  valves  in  the  Teredo  navaiis,  the  disproportionafi 
size  and  strength  and  the  red  colour  of  their  adductor  muscle,  witl 
the  curved  umbunal  processes  for  its  advantageous  leverage,  coul 
not  fail  to  attract  tlie  attention  of  the  unbiassed  observer  to 
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adaptation  for  the  function  of  excavating  wood.  It  indicates  a  mind 
unfitted  for  physiological  discovery  to  deny  this  adaptation,  because 
the  exterior  of  the  valves  be  sometimes  coated  by  a  dried  layer  of 
the  abundant  mucus  which  is  exuded  from  the  pedial  aperture 
during  the  active  movements  of  the  borer.  The  rasp-like  exterior  of 
the  shell  of  the  Pkolas  crispata,  with  the  modifications  of  the  ad- 
ductors and  their  fulcral  apophjrses,  in  like  manner,  suggests  the 
rasping  rotatory  action  by  which  the  valves  may  produce  or  aid  in 
producing  the  burrows  in  the  rocks  in  which  the  piddocks  conceal 
themselves.  To  deny  this  use  of  the  Pholas-shell,  because  the  shell 
of  some  other  rock-boring  bivalves  is  smooth,  is  a  another  sign  of  a 
narrow  mind.  There  are,  doubtless,  other  modes  of  boring  besides 
the  shell-action  ;  but  the  recognition  of  any  such  need  not  involve  a 
negation  of  every  mode  but  the  one  so  recognised.   • 

Mr.  Osier*  has  advocated  the  hypothesis  of  a  chemical  solvent  as 
the  boring  agent ;  but  such  solvent  has  not  been  demonstrated ;  and 
tlie  necessity  of  its  being  applied  in  currents  of  water  to  such  cal- 
careous rocks  on  which  it  could  alone  operate,  with  the  liability  of 
the  shell  of  the  animal  secreting  the  solvent  to  be  affected  thereby, 
have  been  insuperable  obstacles  to  the  acceptance  of  the  hypothesis. 

Mr.  Garner  f  has  called  attention  to  the  ciliary  currents  generated 
by  the  extensive  surface  of  ciliated  epithelium  in  the  lamellibrancha 
ns  probable  aids  to  the  rasping  action  of  the  valves :  and  since  this 
demonstrated  and  constantly  acting  dynamic  causes  as  unceasing  a 
current  of  water  in  the  holes  of  the  borers,  the  non-extension  of  such 
current  between  the  shell  and  the  rock,  where  they  may  be  in  close 
contact,  is  no  argument  against  the  influence  of  the  current  in  the 
rest  of  the  hole,  and  especially  at  the  line  where  it  is  opposed  by  such 
contact  The  ingenious  idea  of  the  ciliary  action  as  an  accessory 
power  in  boring  may,  therefore,  be  accepted,  from  its  universal  ap- 
plicability, and  is  certainly  worthy  of  notice. 

More  than  twenty  years  ago  I  suggested  the  same  kind  of  instru- 
ment as  applied  to  boring  in  rock,  which  had  been  recognised  as  the 
one  used  for  burrowing  in  sand.  The  anatomy  of  the  Clavagella} 
offered  many  points  highly  suggestive  of  the  inadequacy  of  the  hypo- 
theses of  the  burrowing-agents  promulgated  at  the  time  when  I  first 
had  the  opportunity  of  dissecting  that  lithodomous  bivalve ;  and  its 
structure  indicated  a  power  that  had  not  been  previously  suspected 
in  rock-borers.  In  the  flrst  place,  it  was  evident  that  the  valves 
could  not  act,  as  they  do  in  Teredo  and  JFiiolas;  for  the  terminal 
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expansion  of  tlie  chamber  liad  an  iiT*»gular  elliptical  form  in  tran^ 
verse  section  ;  and,  nioreo%*er,  one  valve  was  6xed,  so  as  to  form 
lining *pkte  uf  lis  side  of  the  chamber.     The   animal  I   dids<eci 
(ClavagcUa  lata)  had  formed  its  chamber  in  n  rock  of  calcareoa 
grit;  but  a  nearly  allied  species  (Clav,  australis)  had  bored  ita  waj 
into  siliceous  grit ;  whibt  specimens  of  Clav.  meUtensU  were  efl 
sconced   in   argillaceous  tufa,     A  special   solvent  for  each  apede 
greatly  complicates   Ibe   chemical  liypotliesis.      The  manlle   of  tl« 
Cittvf((;tlla  presented,  however,  a  peculiar  modification,  being 
panded  into  a  thick  convex  eusliion  where  it  was  applied  to  tli 
bottom  of  the  chamber,  through  the  development  in  its  substance  i 
a  mass  of  interlaced  muscular  fibres,     Tlie  last -excavated  part  of  tl 
chamber  was,  as  it  were,  moulded  to  the  surface  of  the  cusbioQ 
which  wns  perforated  by  a  minute  slit  for  the  occasional  passage 
n  filamentary  foot.     I  suggested,  therefore,  this  muscular  develop 
ment  of  the  mantle  as  being  '*  one  of  the  principal  instruments  in  ihfl 
work  of  excavation/'*     But,  viewing  its  attachment  to  the  movcablq 
valve,  and  the  strength  of  the  adductor  muscles,  I  supposed  that  tha 
valve  might  be  applied,  not  only  to  effect  the  forcible  expulsion 
the  fluid  from  the  prdlial  cavity,  but  also,  "  probably,  to  assist  in  thd 
excavation  of  the  abode/*     Mr.  Hancock  f  has  recalled  attention  la 
the  excavating  agency  of  soft  and  muscular  masses  in  other  boring 
bivalves,  analogous  to  that  in    ClfivageUa,  as,  e.^.,  the  thickenc4 
portion  of  the  mantle  in  Saxicava  and  Gcutrochcenay  and  the  foot  ia 
Phola*  and  Teredo, 

If  siliceous  particles  be  actually  secreted  in  the  superficies  of  any 
of  the  burrowing  discs,  they  must  add  to  thfir  efficiency:  and  it  ii 
certain  that  the  perpetual  renewal  of  a  softer  surface  will  render  ifj 
capable  of  wearing  away  a  harder  one,  subject  to  the  friction  of  sue 
softer  surface,  and  not,  like  it,  susceptible  of  being  repaired. 

The  admission  of  the  wearing  and  boring  power  of  muscular  disc 
need  not,  however,  involve  the  rejection  of  tlie  allied  action  of  shellj 
valves  and  ciliary  currents.     The  diversity  of  the  organisation  of  thij 
boring  mollusks  plainly  speaks  against  any  one  single  and  uniforn 
boring-agent  in  all. 

The  action  of  the  foot  and  thickened  border  of  the  pedial  apertar 
may  be  inferior  to  that  of  the  valves  in  Teredo^  as  it  certainly  i 
in   Pholas*     A  valued  coiTCspondent*  Mr.  Robertson,  of  Brighton,^ 
i^Tites^  "  Between  thirty  and  forty  Phohtdes  have  been  at  work  ia 
lumps  of  chalk,  in  a  finger-glass  and  a  jmn  of  sea- water  at  ray  windon^ 
for  tlie  lust  three  months,     Tlio  Phohts  dact^lus  makes  its  hole  b* 
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grating  the  chalk  with  its  rasp-like  valves,  licking  it  up  when  pul- 
verised with  its  foot,  forcing  it  through  its  principal  siphon,  and 
squirting  it  out  in  oblong  nodules.  They  turn  from  side  to  side, 
never  going  more  than  half-round,  in  their  hole,  and  cease  to  work  as 
soon  as  the  hole  is  deep  enough  to  shelter  them."  The  Pholades 
attain  their  largest  size  in  soft  yielding  stone ;  whilst  in  hard,  and 
especially  gritty  rocks,  they  are  dwarfed  in  size,  and  the  rough 
surface  of  their  shell  is  worn  away.  M.  Caillaud  has  shown  that  the 
valves  are  quite  equal  to  the  work  of  boring  in  limestone,  by  imitating 
the  natural  conditions  as  nearly  as  possible,  and  making  such  a  hole 
with  them.* 

In  LithodomuSy  Saxicava,  and  Ungulina,  the  valves  are  smooth, 
and  retain  the  periostracum  ;  yet  they  bore  into  the  hardest  marble, 
and  still  harder  shells :  their  holes,  like  that  of  ClavageUoy  are  not 
cylindrical,  and  are  doubtless  formed^  as  in  that  genus,  by  the  agency 
of  the  thickened  muscular  borders  of  the  pedial  aperture. 

Teredo  navalis  bores  in  the  direction  of  the  grain,  unless  it 
meets  another  Teredo,  or  a  knot  in  the  timber :  they  are  probably 
warned  by  their  organ  of  hearing  of  such  contiguity.  The  rasp-dust 
is  introduced  by  the  foot  into  the  pallial  cavity,  and  is  swallowed: 
the  long  intestine  of  the  ship-worm  is  usually  laden  with  this  debris. 
The  piles  of  the  dikes  in  Holland  received  so  much  damage  from  the 
ravages  of  the  Teredo,  in  1731-2,  as  to  occasion  serious  alarm  of  a 
destructive  inundation  of  the  country,  as  the  consequence  of  the  ope- 
rations of  this  seemingly  feeble  vermiform  mollusk. 

Generation  of  Lamellibranchs.  —  So  far  as  actual  experience  ex- 
tends, parthenogenesis  is  arrested  in  the  molluscous  province  at  the 
Tunicated  class.  The  Lamellibranchs  propagate  exclusively  by  im- 
pregnated ova;  the  individuals  from  which,  after  undergoing  more 
or  less  metamorphosis,  exhaust  the  remnant  of  their  developmental 
force  by  completing  the  male  or  the  female  organs.  Here,  therefore, 
there  is  no  alternation  of  generative  modes,  save  in  so  far  as  the 
sexless  state  of  the  twin  glochidium  (Jig.  194.,  c)  intervenes  between 
the  impregnated  ovum  and  the  perfect  male  or  female  bivalves. 

Tiie  sexual  organs  of  the  higher  Acephala,  although  as  a  general 
rule  developed  separately  on  distinct  individuals,  present  a  very 
simple  and  low  character.  Enormous  in  bulk,  they  ramify  over  the 
mantle  in  some  footless  Lamellibranchs  {Anomiay  e,  g.),  as  in  the 
Brachiopods,  whilst  the  sperm-cells  or  the  ova  are  aggregated  at  the 
base  and  interior  of  the  foot  in  those  bivalves  which  have  that 
appendage. 
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The  latcdt  and  best  obsorvationa  of  naturalists  and  physiokigta 
on  the  sexual  rharacters  and  generation  of  the  Lamellibranclis  Laif 
ustuhlished  the  correutneaa  of  Leuwenhoek's  original  conclusion  •  tht 
these  mollusks  are  of  dititinct  sexed,  some  individuals  being  male  anJ 
others  femala  In  the  small  epedes  of  An^mm  parasitiG  upon 
on  the  south  coast  of  England,  I  have  found  the  males  and  femalo 
tiearlj  equal  in  number,  the  males  being  distinguished  hy  Hiek 
opnquG  white  testis  abounding  in  spermatozoa^  the  femaled  bj 
yellow  or  orange-coloured  ovarium. 

Milne  Edwards  f   has  pointed  out  two  substances,   of  different 
colours,  occupying  the  abdominal  mass  in  the  Pec  ten.     The  part 
which  he  restricts  the  term  ovarium  occupies  the  inferior  and  poate 
rior  region  of  the  mass ;  and  sends  a  duct  which  traTerses  a  portion 
of  the  different-coloured  bodj  situated  above,  and  ascends  to  terrot' 
nate  between  the  bases  of  the  labial  tentacle^  the  summit  of  the  ab 
domen,  and  the  anterior  ends  of  the  gills.     To  the  opaque  whitish 
mass  occupying  the  upper  and  larger  half  of  the  abdominal  mass  ha 
gives  the  name  of  testis  :  it  is  composed  of  small  vesicles  groupecl  ii] 
bunches  ;  its  duct  is  continued  into  the  foot,  and  terminates  by  twdl 
small  orifices  opening  upon  the  inferior  fissure  of  that  orgao.J    The 
Siebold  suspects  may  be  the  oriBces  of  the  secreting  glands  of  thd 
byssus,  and  Edwards  has  perhaps  mistaken  the  gland  and  duct  of  tlu 
byssus,  with  part  of  the  undeveloped  ovary,  for  the  testis.     He  did 
not  apply  the  only  true  test  of  the  nature  of  the  uncoloured  par 
viz.  the  microscopical  examination  of  its  contents. 

Krobn§  has  dissected  a  so  proved  hermaphrodite  ClavageUa :  he 
found  the  testis  beneath  the  liver,  while  the  ovary  surrounded  it  and 
the  stomach :  this  appears  to  be  an  exceptional  condition  in  the  i 
though  perhaps  constant  in  that  peculiarly  domiciled  genus^ 

In  the  male  Lamcllibranchs  the  tester  are  double^  and  hav 
somewhat  more  circumscribed  form  than  the  ovaria,  but  someiia 
appear  to  be  blended  together  at  the  median  line.  In  the  oystt 
they  are  situated  on  each  side  of  the  liver,  and  extend  in  the  form  < 
a  triangular  process  between  the  adductor  muscle  and  the  gills,  Tht 
testes  extend  at  the  breeding  season  in  certain  genera,  as  Anomia 
Iliatella^  Mf/(ilus,  and  Modiola,  into  the  substance  of  the  lobes  of  th^ 
mantle ;  but  in  those  bivalves  which  have  a  large  foot^  the  testes  i 
confined  to  the  base  of  that  organ.  The  ulllniato  texture  of  tlie  teste 
is  a  congeries  of  vesicles  containing  a  milky  fluid,  which  seema 
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consist  almost  wholly  of  spermatozoa  in  the  breeding  season. 
The  vasa  deferentia  are  short  and  wide,  and  they  open  behind  the 
mouth  in  the  oyster,  and  terminate  upon  papillae  at  the  posterior 
part  of  the  foot  in  most  dimyary  mollusks,  as  Cardium,  Pfiolas^ 
Venus,  &c. 

Theovaria  have  a  similar  form  and  position  in  the  female  bivalves, 
but  are  usually  more  extensively  ramified.  The  short  oviduct  and 
sperm-duct  are  both  strongly  ciliated,  and  open  on  each  side  at  the 
base  of  the  foot  or  visceral  mass,  by  a  narrow  fissure  with  tumid 
borders,  either  very  close  to  the  opening  of  the  kidneys  into  the 
mantle-cavity  or  in  the  urinary  sac  itself.  At  all  seasons  of  the  year 
some  ova  may  be  discerned  in  the  ovarian  cells,  characterised  by  the 
germinal  vesicle  and  spot.  Towards  the  breeding  season  they  are 
developed  in  immense  numbers ;  and  the  addition  of  the  coloured 
vitellus  to  the  essential  part  of  the  ovum  gives  the  characteristic 
colour  to  the  ovaria.  They  are  generally  distended  with  the  ova  in 
the  winter  months.  It  is  by  virtue  of  the  currents  produced  by  the 
action  of  the  vibratile  cilia  of  the  mantle  and  gills  that  impregnation 
is  effected  in  the  separate  sexes  of  bivalves,  and  especially  of  those 
that,  like  the  oyster,  are  fettered,  male  as  well  as  female,  to  the  rocks ; 
just  as  the  pollen  of  the  rooted  male  of  the  dioecious  palm  is  wafted 
by  currents  of  air  to  the  moist  stigma  of  the  equally  fixed  and  rooted 
female  tree.  The  fertilising  filaments  retain  their  influence  after 
being  discharged  from  the  males,  are  drawn  in  with  the  respiratory 
currents,  and  at  the  breeding  season  the  ovaries  and  oviducts  contain 
a  milky  fluid  abounding  with  the  moving  filaments.  The  ova  then 
escape  by  the  short  oviducts,  which  terminate  in  positions  analogous 
to  those  of  the  vasa  deferentia. 

The  ova  have  usually  a  spherical,  rarely  a  pyriform  or  elliptical, 
figure :  the  yolk  (Jig,  194,  A  A),  when  mature,  varies  from  a  yellow 
to  a  reddish  hue  ;  it  is  inclosed  by  a  smooth  vitelline  membrane,  and 
this  by  a  thin  chorion.  The  (often  overlooked)  germinal  vesicle  (a) 
has  usually  two  co-attached  nuclei.  The  small  amount  of  albumen 
(c)  which  lies  between  the  yolk-membrane  and  the  chorion  becomes 
more  conspicuous  after  impregnation. 

The  ova  do  not  escape  when  excluded  from  the  oviduct,  because 
during  that  act  the  shell  is  kept  forcibly  closed ;  and  so  they  slip 
back  into  the  gill-channels.  In  the  NaiadtB  the  two  external  gills  are 
developed  into  uteri  or  marsupial  pouches  for  the  ova,  which  cleave 
loosely  together  in  the  compartments  of  those  gills ;  and  in  the  fresh- 
water genus  Unio  they  are  excluded  by  the  anal  fissure,  near  to 
Avhich  they  form  oval  discoid  masses,  in  which  maybe  recognized  the 


iorm  of  tlie  branchiul  campartmenta.  In 
^g.  193.  is  shown  a  transverse  section  of 
the  right  lobe  of  ihe  mantle  (a)  and  of 
tho  right  pair  of  giUa  in  a  frt^ah- water 
muscle  {Anodon\  at  the  period  when  the 
external  gill  is  performing  its  maraupial 
function,  and  is  laden  with  the  ova  :  h  id 
the  inner  gill,  c  the  outer  gill,  showing 
the  btisal  canal  and  the  free  margins  of 
the  partitions  of  the  branchial  cells  in 
which  the  ova  are  incubated. 

One  feels  surprised  at  first  that  the  ova 
should  pass  into  the  outer  gills,  when  the 
inner  ones  are  nearer  the  two  sexual  ori- 
liccs,  V.  Baer  pointed  out  the  roandabout  way  in  which 
glide  along  the  basis  of  the  inner  gill  as  far  as  the  cloaca,  and  frol 
thence  through  a  particular  canal  of  the  mantle  into  the  conipartmenl 
of  the  external  gill :  and  the  same  acute  observer  has  explained  hoiv 
in  like  manner,  in  TelUna,  the  semen  ejected  from  the  anal  tul 
enters  by  the  ventral  respiratory  tube  into  the  branchial  chamber  ( 
the  female,  and  passes  thence  into  the  receptacles  far  the  ova  form^ 
by  tho  gills. 

The  external  gills  swell  out  to  such  a  she  in  the  fresh-wat^ 
mussel,  Anodon,  as  to  require  a  particular  space  in  the  she 
for  thoir  lorlgmenl^  and  the  valves  of  the  female  are  consequent! 
more  convex  than  those  of  the  male.  The  same  sexual  character  a 
the  shells  is  observable  in  the  genus  Vnio^  and  the  whole  famil 
of  the  Naiadw,  as  Kirtland  and  Lea  have  remarked  in  their  beau 
ttful  monographs  on  the  North  American  species  of  these  fresh 
water  bivalves,* 

Tfie  actual  penetration  of  the  ovum  by  the  spermatozoon,  first  ob 
served  by  the  keen-eyed  and  accurate  Martin  Barry,  who  demon 
strated  the  capital  fact  to  me  in  the  year  1813,  has,  amongst  othe 
confirmations,  received  satisfactory  ones  from  Keber*8  and  Webb*i 
observations  of  the  mode  of  impregnation  of  the  ova  of  the  river 
mussel  i^Anodon) ;  and  from  those  by  Lovcn  on  Cardinm  p^g 
7nmtim*\  A  tubular  orifice,  analogous  to  the  micropyle  in  th< 
vegetable  ovum,  is  formed  in  or  from  the  chorion :  the  sperraa^ 
tozoa  penetrate  by  this  temporary  orifice,  which  then  closes,  and  ti 
indicated  by  a  clear  spot  with  a  corrugated  border.  The  sperma- 
tci^coon  penetrates  the  yolk,  and  there,  according  to  Barry,  divi 
into  many  parts.} 


*  CCCXXVI 


t  CCCXXIV. 


%  CCCXXIV.  a. 


t   ^ 


BBO! 


LAMELLIBRANGHIATA.  525 

In  all  the  bivalves  hitherto  observed  the  yolk  is  a  gerpi-yolk  only, 
and  is  divided  concurrently  with  each  spontaneous  fission  of  the 
contained  impregnated  germ-cell.  Two  superficial  cells,  alone,  seem 
not  to  participate  in  this  process,  but,  after  the  formation  of  the  germ* 
mass,  are  changed  into  triangular  discs,  the  rudiments  of  shells :  the 
rest  of  the  surface  developes  a  ciliated  epithelium,  by  which  the 
embryo  rotates  in  the  ovum.  In  Mytilid(B  a  swimming  disc  is  next 
developed,  fringed  with  long  cilia,  and  an  exploratory  filament  is  deve- 
loped in  association  with  the  increased  locomotive  power. 

In  Anodon  the  embryonic  mass  soon  divides  itself,  but  not  quite  com- 
pletely, into  two  halves*,  each  half  being  supported  by  its  own  valve. 
It  looks  like  an  attempt  at  spontaneous  fission, — some  lingering  mani- 
festations of  parthenogenetic  force.  In  fact,  each  of  these  embry- 
onal moieties  has  its  own  mouth,  which  is  situated  near  the  hinge, 
beset  with  cilia,  and  its  own  intestine :  on  the  inner  sides  of  the  cleft, 
at  the  angle  which  the  two  embryonal  moieties  form  at  the  future 
hinge  of  the  shell,  there  rises,  on  each  side  of  the  adductor-muscle, 
a  hollow  byssiphorous  organ,  from  which  two  transparent  byssus- 
filaments  proceed.  The  inner  surface  of  each  moiety  is  also  beset 
with  three  tentacle-like  stifi*  points,  with  their  base  surrounded  by  a 
thick  border.  Near  the  hinge  there  passes  the  broad  adductor- 
muscle  above  mentioned  from  one  embryonal  half  to  the  other,  which, 
after  the  young  bivalve  has  quitted  the  egg,  manifests  its  contractile 
force  by  closing  the  valves ;  these  have  now  become  slightly  concave, 
but  continue  triangular  in  shape.  Each  embryonal  moiety  has,  like- 
wise, at  first,  its  own  distinct  though  simple  heart ;  find  it  is  by  the 
approximation  and  ultimate  fusion  of  the  two  ventricles  that  the 
common  rectum  of  the  originally  distinct  intestines  is  intercepted. 
The  rest  of  the  canal  blends  with  its  fellow  as  the  visceral  mass  grows 
up  from  the  bottom  of  the  cleft,  chiefly  by  the  progressive  increase 
of  the  testis  or  ovarium  \  ;  and  thus  two  sexless  individuals  combine 
to  form  one  with  sexual  organs. 

M.  de  Blainvillef  denied  the  passage  of  the  ova  of  the  Lamel- 
libranchs  into  the  gills,  and  maintained  their  direct  exclusion  from 
the  shell ;  on  the  faith  of  which  assertion  Jacobson  §  was  led  to 
suppose  the  odd-shaped  embryos  in  the  branchial  marsupium  to 
be  parasites,  as  the  elder  Rathk^||  had  long  previously  described 
them  to  be.  But,  whilst  many  true  and  singular  parasites  have 
been  detected  and  described  in  the  Lamellibranchs,  the  real  na- 
ture of  the   Glochidium  of  Rathk6  has  been  well  traced  out :  the 
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joung  Anodons,  so  dcnominsitf'*!,  quit  their  marHUj>iuni   tisuaU/  lai 
in  September,  after  an  intrabrancliial  devdopment  oftwa         ^^^ 
or  three  months.     The  young  animiiU  when  cxctadcd, 
uses  Iho  prehensile  or  adhesive  lilamenl,  to  anchor  itself 
to  the  shell  of  I  he  parent  or  to  some  foreign  bodjr. 

Prof,  Cams*  hits  ably  traced  out  the  course  of  deve- 
lopment of  Unto  Utorulk*  Fig,  1 94,  A,  shows  the  unimprirg- 
nated  ovarian  oTum^  Before  the  ovum  haa  reached  the 
branchial  marsupium,  the  germ^maas  has  been  formed, 
and  some  pentagonal  and  hexagonal  cells  are  developed  at 
its  periphery,  supporting  vibraiile  cilia-  The  quantity  of 
albumen  has  increased*  At  first  rao  vera  en  ts  may  be  ob- 
served in  that  part  of  the  albumen,  which  iscontiguouf^to 
thoHG  superficial  ciliated  colls.  As  these  extend  over  the 
germ-mass  the  currents  of  albumen  increase  in  strength, 
find,  finally,  the  yolk  itself  begins  to  revolve  in  the  surrounding  fluid 
in  the  direction  marked  by  the  arrow  in  n.  This  singular  phen^ 
nienon  was  first  observed  by  Leuvvenlioek  in  1695.  The  embry* 
hftvc  now  penetrated  the  gill.  Two  parallel  Assures  next  moke  the: 
appearance,  which,  sinking  deeper  into  the  germ-mnss,  divide  tin 
part  into  two,  and  mark  out  at  the  bottom  the  rudiment  of  the  ri 
ceral  mass,  w^hich  is  subsequently  to  rise  between  the  lobes  of  tJi 
mantle.  Calcification  commences  on  the  outer  surface  of  these  lol 
and  the  first  layer  of  the  future  shell  forms  a  small  triangular  val 
on  each  side. 

When  the  rotation  of  tlie  embryo  is  roost  active,  seven  or  eigli 
revolutions  may  be  observed   in  the  minute.     The  gills  make  theli 
appearance  as  ciliated  wavy  folds  from  the  inner  surfrtce  of  the  naantl 
near  the  angle  between  the  pallial  lohes  and  the  visceral  mnss.     Tli 
development  of  the  adductor  musclei  single  at  the  beginning  and  neti 
the  hinge,  is  Indicated  by  feeble  attempts  at  opening  and  closing  tli 
valves-     The  albumen  during  this  development  is  absorbed  and  as* 
ftirailated,  and  the  embrj'o  now  distends  the  chorion.     In  the  youn 
Anndon{fit/,  194^,  c)i  long  filamentary  processes  twisted  together  liki 
a  byssu;?,  are  developed  from  the  visceral  mass :  the  thick  short  flesh 
foot  is  subsequently  develuped  in  place  of  the  byssiforra  filament 
Both  the  young  Uniones  and  AnodonUs  escape   from   the  chorioi 
before  they  quit  the    marj*upium,   and   may  be  observed   swimminj 
freely  about  in  t\ui  cavity  of  the  external  gill.     They  are  so  diiferei 
in  form  from  their  parent,  and  so  singularly  located^  as  readily 
suggest  the  venial  error  of  Rathk«5  respecting  their  nature  and  rel 
lions*     The  hooked  apex  and  the  spines,  with  which  the  shell  of  ihi 
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young  Ajwdon,  when  first  excluded,  is  armed^  may  serve  to  defend  it 
against  some  small  persecutor  or  other. 

In  the  genus  Cyclas  Mr.  Garner  *  has  observed  from  ten  to  twenty 
of  the  young  fry,  situated  in  the  internal  branchiae,  where  each  has 
its  special  compartment :  they  are  discharged  one  by  one  when  they 
attain  about  the  sixth  of  an  inch  in  diameter.  The  oviducts  in  the 
Cyclas  open  over  these  internal  branchiae,  and  are  only  accessible  to 
the  water  from  behind,  as  are  the  external  branchiae  of  the  Unto. 
The  young  Cyclades  are  sometimes  found  adhering  by  a  byssus  to 
different  parts  of  the  body  of  the  parent.  The  young  of  the  genus 
NaicLs  have  been  observed  to  anchor  themselves,  after  exclusion  from 
the  parent,  by  a  byssus,  which  is  usually  wanting  in  the  large  and 
full-grown  animals. 

This  temporary  means  of  attachment  must  prevent  many  of  the 
young  and  feeble  bivalves  from  being  carried  away  by  the  stream  at 
a  period  when  their  shell  has  not  attained  sufficient  hardness  to  pro* 
teot  them  from  the  numerous  predatory  aquatic  animals  to  whoso 
attacks  they  would  be  exposed ;  and  we  may  thus  discern,  in  the  de- 
ciduous byssus,  an  evidence  of  prospective  design  for  the  well-being 
of  the  weak  and  defenceless. 

Prof.  Edward  Forbes,  in  an  interesting  paper  published  in  the 
"  Edinburgh  New  Philosophical  Journal,"  has  cited  some  facts  of  the 
periodical  cessation  of  development  of  bivalves  in  certain  shell-banks, 
and  has  alluded  to  the  knowledge  of  such  phenomena  as  being  familiar 
to  fishermen,  who  express  it  as  being  a  "  shifting"  of  shell-beds,  which 
they  erroneously  attribute  to  the  moving  away  and  swimming  off  of 
a  whole  body  of  shell-fish,  such  as  mussels  and  oysters.  But  even 
the  Pectens,  though  much  better  endowed  with  locomotive  power 
than  the  cemented  oysters  or  byssus- bound  mussels,  have  very  little 
power  of  progressing  to  any  distance  when  fully  developed.  With 
resp6ct,  however,  to  Prof.  Forbes'  opinion,  that  "the  shifting  or 
migration  is  accomplished  by  the  young  animals  when  in  a  larva 
state,"  this  cannot  be  accepted  as  one  of  general  application.  The 
facts,  at  least,  that  have  been  ascertained  in  regard  to  the  develop* 
ment  of  fresh-water  bivalves  are  directly  opposed  to  such  migratory 
powers  in  the  "larvae;"  for  these  are  distinguished  by  organs  of  at- 
tachment which  are  peculiar  to  the  immature  state  of  the  bivalve, 
and  fetter  them  to  their  birthplace  until,  in  the  progress  of  growth, 
they  attain  freedom  with  maturity.  I  confess  that  I  entertain  great 
doubts  whether  the  so-called  "  shifting  "  of  shell-beds  be  the  result 
of  a  migration  en  masse  of  the  mussels  or  oysters,  either  in  their 
larval  or  mature  states ;  but  deem  it  more  probable  that  the  disap- 
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pearnnce  of  the  bed  of  living  individuals  Is  due  U>  their  tly^©^ 
through  influencee,  which  Prof*  Forbes  himsidf  recognises  and 
plains,  as  unfitting  the  ground  for  further  sustenance  and  increasa 
the  tribe ;  and  that  the  appearance  of  a  col  on  j  in  another  position 
due  to  the  progressive  increase  from  a  few  individuals^  and  not  to  i 
migration  of  the  whole  colony. 

So  far  as  observations  have  been  made  on  the  development 
bivalves,  although  it  is  true  that,  aa  yet,  they  have  been,  w; 
few  exceptions,  limited  to  the  fresh-water  kinds,  the  young  Lamel 
branch,  however  free  the  parent,  is  attached  at  the  beginnii 
by  a  hyssiform  peduncle:  it  has  no  lamelliform  gills,  but  ref^pirea 
the  vascular  and  ciliated  surface  of  the  mantle-lobes,  and  it  has  tt 
distinct  hearts. 

In  all  these  characters  we  perceive  the  manifestation,  tbougl 
transitory,  of  some  peculiarities  of  the  Brachiopodous  orderl 
hence  we  derive  an  additional  argument  for  concluding  that  the  Bf 
chiopods  arc  on  a  lower  step  of  molluscous  organisation  than 
Lamelli  b ranch s :  and  this  is  congruous  also  with  the  earlier  appei 
ance  and  multiplication  of  the  Brachiopods  in  the  primeval  aeft 
this  ptanet 

The  contemplation  of  the  phenomena  of  the  deTelopment 
Anodon  also  makes  us  comprehend  better  the  cause  of  some  of  tl 
peculiarities  of  the  structure  of  the  Lamelli  branchiate  moUu: 
There  seems  to  be  in  tltat  development  a  tendency,  at  the  begii 
ning,  to  form  two  individuals  out  of  one  germ-mass,  ^ — to  develo] 
two  univalves  in  the  place  of  one  bivalve:  and  some  of  the  differeno 
of  structure  characteristic  of  dilFereut  bivalves  evidently  relate 
the  arrest  of  development  at  given  stugcs  of  the  progressive  coDflucni 
by  which  the  two  primary  individuals  are  ultimately  fused  into  on 
Thus  we  may  regard  the  two  separate  hearts  of  the  Brnchiopods 
a  retention  of  that  distinctness  or  double ness  of  the  organ  which 
manifests  at  its  first  appearance  in  the  embryo  Lamelli brancht  wltl 
not  only  the  auricles,  but  the  ventricles,  are  on  separate  halves  of  ll 
almost  divided  body.  In  Area,  the  ventricles  have  approximate 
but  not  coalesced.  In  Anotlon  the  tivo  ventricles  have  coalesces 
but  not  the  two  auricles,  which  continue  permanently  separate,  an 
impart  the  seemingly  complex  condition  of  the  reptilian  tripartti 
heart  to  this  inferior  form  of  mollusk.  It  has  been  long  shown,  \\Q^ 
ever*,  how  the  function  of  the  two  auricles  of  the  bivalve  being  tli 
Bnme^  that  very  doubleness  or  repetition  of  the  part  became  a  mAi* 
rather  of  inferiority,  as  compared  with  the  more  compact  form  of  th 
singlc-auricled  heart  of  the  univalve  mollusk ;  and 
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the  circumstances  under  which  the  tripartite  heart  of  the  Anodon  is 
developed,  confirins  that  inference.  In  the  Oyster  the  progress  of 
union  of  the  two  individuals  has  proceeded  to  the  confluence  of  both 
the  two  ventricles  into  one,  and  of  the  two  auricles  into  one,  and  a 
bipartite  heart  is  the  result:  unless,  indeed,  in  this  and  in  other  in- 
equivalves,  one  individual  or  moietj  of  the  divided  and  embryonal 
mass  be  developed  at  the  expense  of  the  other,  which  may  undergo 
partial  absorption. 

The  ordinary  course  of  confluence,  by  which,  in  the  growth  of  the 
parenchyme  from  the  line  of  union  of  the  divided  moieties  of  the 
embryo,  the  two  intestines  become  one,  commences,  as  regards  the 
intestinal  tube,  from  the  anus ;  and,  being  followed  or  accompanied 
by  the  progressive  co-approximation,  co-adaptation,  and  ultimate 
confluence  of  the  two  ventricles,  these,  through  the  relative  position 
of  the  rectum  of  each  individual  moiety,  along  the  inner  or  mesial 
side  of  the  originally  distinct  ventricles,  come  to  be  included  between 
those  co-adapting  ventricles,  and,  nltinmtely,  the  single  rectum  becomes 
included  by  the  single  ventricle,  each  resulting  from  the  fusion  of  a 
primitive  pair ;  and  hence  we  are  able  to  comprehend  the  cause  of 
that  most  singular  anatomical  fact  which^  hitherto^  has  been,  without 
any  intelligible  explanation,  a  mere  empirical  one,  viz.,  the  passage 
of  the  rectum  through  the  centre  (^  the  ventricle  of  the  heart  in  most 
Lamellibranchs. 

We  may  discern  in  that  well-marked  and  peculiar  feature  of  the 
Lamellibranchian  development,  viz.,  the  almost  complete  fission  of 
the  embryonal  mass,  with  the  establishment,  in  AttodoUj  of  digestive 
and  circulating  systems  in  each,  an  indication  of  the  last  remnant  of 
the  parthenogenetic  force,  which,  in  its  complete  manifestation,  ceases 
with  the  Tunicata  in  the  molluscous  series.  Nature,  however,  does 
nothing  abruptly,  and  a  transitional  character  to  higher  kinds  of 
development  of  a  single  individual  from  a  single  ovum  is  indicated  by 
this  attempt,  as  it  appears  to  be,  to  form  two  individuals  out  of  one 
germ-mass.  Their  respective  completion,  however,  as  such,  is  checked ; 
and  development  proceeds  to  form  one  (more  complex)  bivalve  out  of 
two  ^less  complex)  univalve  individuals. 

I  may  further  remark,  that  the  period  and  mode  of  the  develop- 
ment of  the  two  valves  of  the  incipient  bivalve  are  subversive  of 
Oken's  conjecture*,  that  the  operculum  of  the  operculated  univalve 

"^  Defining  the  univalve  mollnsks,  Oken  says,  *'Von  den  beiden  Muschel- 
schalen  wird  eine  rohrenfbrmig,  uroschliesst  das  ganze  Thier  allein,  nnd  die 
andcrc  bleibt  als  blosser  Deckel  iibrig,  der  die  RdhrenmunduDg  schliesst" — 
Lehrfjuch  der  PkUotophie,  Th.  iii.  p.  259.     Svo.  1811. 

'*  Of  the  two  mussel  {bivalve  moUushi)  shells "  (which  he  treats  of  in  the 
preceding  section),  "  one  becomes  excavated,  tube-shaped,  and  alone  incloses  the 
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in  ft  stuuied  homologae  of  ooe  of  the  valves  of  the  bivalve, 
cinlly  of  tltf  soialler  and  flatter  valve  iti  the  inequiiralve  btv^ 

Both  valves  are  simultaneously  and  equally  developed  In  the  o; 
as  in  tlkc  mussel,  and  fonn  tlic  peripheral  layer  of  the 
prior  to  the  formation  of  any  muscular  organ  :  the  recognisable  bai 
of  each  valve  is  prior,  indeed,  to  the  fission  of  the  germ-iittti»  witll 
18  preliminary  to  the  formation  of  the  digestive  and  ciredstd 
systems  of  the  two  primarily  incomplete  individitals.  Tbe  opt 
eoluiii,  in  tbe  operculated  univalves,  is  the  subject  of  a  much  UN 
growth  ;  it  does  not  appear  Eimultaneously  with  the  proper  uaivall 
shell,  nor  is  it  ever  equal  to  that  shell  in  size  or  similar  in  sbafil 
Both  the  external  temporary  locomotive  organs,  I  mean  Ibe  Tibfl 
tile  cilia»  and  certain  internal  organs,  are  devclop<Hl  Wfore  there 
a  rudiment  of  the  operculum  in  the  univalve :  even  the  permanefl 
locomotive  organ,  the  foot,  is  plainly  established,  before  tbe  opd 
culuni  niakes  its  aptjearance ;  and  when  it  does  so»  it  is  not  as 
u)i  ramuiphc^sis  and  coalescence  of  certain  of  the  peripheral  oelUl 
tUc  gviin-yolk,  but  as  a  thickened  epithelial  layer  upon  the  bmck  pM 
of  ibe  previously  formed  fooU 

And  whilst  upon  the  subject  of  Okeu's  ideas  of  the  homolqgj  i 
the  operculum,  we  may  as  well  test,  by  tbe  liglit  of  molluaeous  ed 
bryology,  same  others  which  he  has  propounded  relative  to  the  nattzl 
of  Uie  bivalve  shell.  ' 

"  In  the  mussel,^  says  Oken,  **a  atructure  originates  for  the  flfi 
lime  wbicli  can  be  compared  with  a  thoracic  cavity.  What  covei 
the  branchiae  must  stand  in  the  signilieation  of  the  thorax.  Tl 
pallium  or  mantle  of  the  mussels  is  pleurn.  Their  shells  are  branchit 
opercula  (as  in  fishes*).  They  ore  secretions  from  the  mantle,  aoi 
everywhere  accompany  the  branchiae.  The  hinge  of  the  shell-valv^ 
corresponds  to  the  rnchis  or  spina  dorsi.  The  shells  of  bivalif 
mollusks  are  a  calcareo-thoracic  box,  open  in  front,  inverted  behini 
anil  moveable  like  ribs/'* 

Each  valve  in  the  Bivalve  pre-exists,  as  we  see,  to  any  trace  4 
gill :  tbe  firi^t  organs  which  it  protects  are  the  stomach*  the  live( 
and  the  whole  length  of  the  inttstine;  it  does  not  defend  a  thorax 
or  pectoral  cavity,  hut  an  abdouiinnl  one.  If  the  two  valves 
comparable  to  opercula  they  are  ventral,  not  thoracic  or  pcctO] 
and  tlie  pallium,  or  layer  of  germ-muss  lining  the  valves,  in  ivbi( 

whcilt'  bfxiy  ;  the  other  renijims  bm  tJie  mere  opercalum,  which  shuts  the  op 
of  tht.*   tisW."     And  in  thv  ifditiuo  of  the  same  work^  traiulaled  by  the  **] 
Society,**  Okcn  wys,  "  With  the  one-sided  t'volutioa  of  the  maofJe,  odc  fbcll 
ift  only  developed,  while  the  other  in  fstunted  or  placi'd  ntidtT  urresc     The  i 
lihell  ii»  one  of  the  bivalve  niollL)«k''&  shells,  il«i  u|jerculam  iB  the  other.     Tii 
18  stony,  hariiy,  attd  tiuiilly  b  entirely  wnnliiig/* 
•   /i.    Til.  {ii.  p,  2i4.      15  vo.   Ibll. 
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the  above-cited  organs  are  formed,  is  peritoneum  rather  than  pleura. 
The  hinge  of  the  valves  is  the  unseparatedi  but  modified,  remnant  of 
the  germ-mass,  which  connects  together  the  two  individuals  resulting 
from  its  incomplete  fission :  it  is  much  more  like  the  common  pedicle 
or  base  of  the  compound  Ascidian,  than  the  **  spina  dorsi "  of  a  verte- 
brate animal. 

Thus  we  learn  how  valuable  are  the  facts  derived  from  the  study 
of  the  progressive  building  up  of  the  animal  frame.  In  the  case  of 
the  class  which  has  this  day  occupied  our  attention,  a  knowledge  of 
their  development,  partial  and  imperfect  as  it  must  be  confessed  to 
be,  has  nevertheless  thrown  new  light  on  the  peculiar  organisation 
of  the  mature  animal,  has  rectified  misconception  of  the  nature  and 
homologues  of  their  parts,  and  may  have  suggested  truer  theories  of 
some  of  their  more  remarkable  living  habits. 


Class  LAMELLIBRANCHIATA. 

Bodf/  with  a  dextro-sinistral  bivalve  shell,  lined  by  a  commonly 
more  or  less  closed  mantle.  Oral  tentacles  four  ;  branchiae  lamelli- 
form,  usually  in  two  pairs. 

A.  MoNOSiTABiA.    With  one  (the  posterior)  adductor. 
Family  OstreacUe* 

Lobes  of  the  mantle  widely  separated ;  foot  small,  byssiferous,  or 
absent.  Shell  inequivalve,  slightly  inequilateral ;  hinge  usually  eden- 
tulous. 

Genera  Ostreay  AnomiOy  Placuna,  PecUUy  JJnuty  Spondyltts^ 
Pedum,  Plicatula. 

B.  DiMYABiA.     TVith  two  adductors. 

Family  Avwulida, 

Lobes  of  the  mantle  widely  separated;  foot  small,  byssiferous; 
anterior  adductor  very  small,  leaving  its  impression  within  the  umbo. 

Genera  Avicula,  MeleagrinOy  Malleus^  Vulsella,  Gervillia,  Pema, 
Crenatula,  Inoceramus,  Pinna. 

Family  MytilidcB, 

Mantle-lobes  united  between  the  branchial  and  anal  slits  or  orifices) 
foot  cylindrical,  byssiferous.     Shell  equivalve  ;  hinge  edentulous. 

Genera  Mytiliis,  Myalina,  Modiola,  LUhodomus,  Crenella,  Dreis- 
scna. 
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Familj  Arcade, 

Mantle^lobes   gepamted  ;  foot   large,    bent,   aod   deefiljr 
Shell  equivalre;  binge  long,  with  many  denticles. 
Genera  Arca^  CucuUita^  Peciunculus^  LimopsU,  AWnto^  li 

Family  Solenellidte, 

Manlle-Iobes  united  behind,  with  a  single  siphon  at  oriftce,  or 
two  short  united  siphons*  Shtil  equi valve  j  hinge  edentaloos^  or 
finQ  e}»arp  tet;th. 

Genera  Solemtfa,  Salenella,  Voldia^  Leda, 

Family  Trigoniada, 

Mantle-lobes  separated  ;  foot  long,  pointed,  sharply  bent, 
equi valve,  trigonal ;  hinge-teeth  few,  diverging. 
Genera  Trigonia,  Myaphoria^  Ajrinus,  L^frodesma* 

Family  Unionidw. 

Mantle-lobes  united  between  the  sipbonal  ortficea  and,  rarely^ 
front  of  the  branchial  opening  ;  foot  very  large,  tongue-shaped,  ^ 
pressed,  byssiferona  in  the  fry.     Shell  usually  equivalve  ;  ani 
hinge-teeth  thick  and  striated,  posterior  laminar,  sometimes 

Gronera  Unio^  Castalia^  Anodon,  Iridifia,  jEthena^  Mu 


C.  DiMTARiA  SiFHONiFERA.     With  respiratory  siphons. 
a.  Siphons  short,  pallial  line  simple. 

Family  Chamid^. 

Pedal  and  siphonal  orifices  small^  eubequal ;  foot  very  small.   Shm 

inequi valve  ;  hinge -teetli  2-1,  or  two  in  one  valve,  one  in  the  othei 

Genera  Chamat  Manopkura^  Diceras, 

Family  Ifippuritido!,   (2iudistei,  Lam. ;  extinct) 

S/teii  inequivalvo,  unsymmetrical,  thick,   attached   by  the    righ 
umlK);  umbones   frequenily  cainerntcd  ;  hinge- teeth  1-2.     Addoct^ 
impressions  two,  large  i  three  of  the  left  valve  on  promineQeea» 

Genera  Hippurites^  EadioHUs,  Caprmella^  CaproHna, 

Family  Tridacnid^, 

Pedal  orifice  large  ;  siphonal  orifices  surrounded  by  a  thickene 
pallial  border,  the  anal  one  with  a  tubular  valve ;  foot  small,  cylic 
ilrical,  byssilerous*  Shell  eqiiivulve,  open;  m uvular  impresaioa 
8ub-coi)iral  and  blended. 

(ieiiura   Trtfltu'ttn,  lltppopus. 
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Familj  Cardiadtip. 

Pedal  orifice  large;  siphons  usually  short;  foot  large,  sickle- 
shaped.  Shell  equivalve,  cordiform  ;  cardinal  teeth  2,  lateral  teeth 
1,  1,  in  each  valve. 

Genera  Cardium,  Hemicardiumy  Lithocardiuniy  Serripes,  Adaamt 
Conocardium, 

Family  Lucinida. 

Mantle  usually  widely  open  below,  with  one  or  two  siphonal  aper- 
tures ;  foot  long,  cylindrical,  or  ligulate,  sometimes  byssiferous.  Shell 
orbicular,  closed;  hinge-teeth  1  or  2,  lateral  teeth  1-1,  or  obsolete. 

Grenera  Lucina^  Cryptodon^  CarbiSy  Ungulina^  KeUia,  Montacuta^ 
Lepton,  Galeomma. 

Family  Cyeladidtt. 

Mantle  open  in  front;  siphons  more  or  less  united;  foot  large, 
tongue-shaped.  SheU  suborbicular,  closed  ;  hinge  with  cardinal  and 
lateral  teeth. 

Genera  Cyelas^  Cyrena^  Piddium, 

Family  Cyprinida. 

Mantle-lobes  united  behind  by  a  curtain  pierced  with  two  siphonal 
orifices  ;  foot  thick  or  compressed,  tongue-shaped.  Shell  equivalve, 
closed ;  cardinal  teeth  1-3,  and  usually  a  lateral  tooth  in  each  valve. 

Genera  CyprinOj  Circes  Astarte^  Crassatelloy  Isocardia,  Cypri- 
cardia,  Megalodon,  Cardinia,  Cardiia. 

b.  Siphons  long ;  pallial  line  sinuated. 

Family  Venerida. 

Mantle  with  a  rather  large  anterior  opening ;  siphons  unequal, 
more  or  less  united;  foot  tongue-shaped,  compressed,  sometimes 
grooved  and  byssiferous.  SheU  regular,  closed ;  hinge  with  usually 
three  diverging  teeth  in  each  valve. 

Genera  VenuSy  Cytherea^  Artemis^  LudnopsiSy  Venerupis,  Petri- 
cola,  Glaucomya, 

Family  Macirida. 

Mantle  more  or  less  open  in  front ;  siphons  united  with  fringed 
orifices ;  foot  compressed.  Shell  equivalve,  trigonal ;  hinge  with  two 
diverging  cardinal  teeth,  and  usually  with  lateral  teeth. 

Genera  Mactra,  GnathodoHy  Lutraria,  Anaiinella. 

Family  Tellinida. 
Mantle  widely  open   in   front ;  foot  tongue-shaped,  compressed ; 
siphons  separate,  long  and  slender.     Shell  usually  equivalve  and 
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dosdd;  cardinal  teeth  not  exceeding  two,  laterals  1-1,  aometi 
wanting. 

Grenera  TeUmt^  JPsammobiOy  Sangumolaria,  Syndonm^,  Ser 
eularia,  MesodesmOf  Datutx. 

e.  Mantle  sheath-shaped,  closed,  save  at  the  pedal  and  wphoiia] 
apertures. 

Family  Soienidm, 

Siphons  short  and  nnited  (in  the  long-shelled  genGra),  long  i 
partly  separate  (in  the  shorter  and  more  cooipr^saed  genera)  \  | 
prolonged  into  the  hranchial  siphon  ;  foot  large,  subcjlmdricsal*  & 
gaping  at  hoth  ends. 

Grenera  Solen^  CuUeUut^  Machmru,  Boltcurttis. 

Family  M^acid^* 
Siphons  united ;  foot  smalL     ShtU  gaping  behind. 
Genera  MycL^  CarbulOj  Ne^Broj  Theii*,  FanQprnQ^  Smcu-aca^  d 
eimeris* 

Family  AnatinidiB, 

Siphons  long,  more  or  less  united ;  foot  very  smalL  SheU  of 
inequivalve. 

Genera  Anatina^  Thrada^  Pholadomya^  Li/onsia^  Pandora^  M\ 
chama,  Chamostrea. 

Family  Gastroch(Pnidw, 

Siphons  long,  united  to  near  the  extremities ;  foot  finger-shap 
sometimes  grooved  and  byssiferous ;  mantle  with  a  boring  disc 
front.  Shell  regular,  wedge-shaped,  gaping  in  front,  in  some  m< 
or  less  cemented  to  a  superadded  calcareous  tube. 

Genera  GastrochcBna,  Clavagellay  Aspergillum, 

Family  Pholadidcc, 

Animal  clavate  or  vermiform  ;  siphons  large,  long,  united  neai 
to  their  ends ;  foot  short  and  truncate.  Shell  gaping  at  both  end 
hingeless,  with  sometimes  accessory  valves,  or  a  supplementary  tu 
and  palettes. 

Genera  Pholas,  Xi/lophaga,  Teredo,  Teredina, 
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LECTURE  XXII. 

PTEROPODA  AND  GASTROPODA. 


Although  the  Acephalous  Mollusca  are  for  the  most  part  depi-ived 
of  the  power  of  locomotion,  or  have  it  granted  to  them  in  a  very  low 
degree,  jet  some  species  of  Lamellibranchs  can  swim,  and  the  pectens, 
from  their  lively  movements  in  the  water,  and  the  vigorous  flappings 
of  their  brightly  tinted  valves,  have  obtained  the  name  of  sea-butter- 
flies. Amongst  the  Mollusca  provided  with  a  distinct  head  locomo- 
tion is  the  rule.  Liihedaphus,  indeed,  is  fettered  by  its  calcareous 
operculum  to  the  rock  on  which  it  grows,  and  Magilus  becomes  im- 
moveably  sunk  in  its  coral  bed;  but  these  are  rare  exceptions. 
Amongst  the  numerous  free  and  locomotive  Encephala,  some  creep, 
some  climb,  some  swim;  a  few  combine  these  different  powers; 
whilst  certain  small  species  have  no  other  mode  of  progression  than 
by  floating  or  swimming  on  the  surface  of  the  ocean.  These  are  pro- 
vided with  two  fln-like  muscular  expansions,  attached  to  the  sides  of 
the  neck,  which,  from  their  resemblance  to  wings,  suggested  to 
Cuvier*  the  name  Pteropoda  for  this  small  but  well  marked  group 
of  Mollusks  with  heads. 

Some  Pteropods  are  provided  with  a  light  and  delicate  semitrans- 
parent  shell.  In  the  HyaUBo^  it  resembles  a  bivalve  shell,  of  which 
the  two  valves  had  been  cemented  together  at  the  hinge,  leaving  a 
narrow  Assure  in  front  and  at  the  sides.  In  the  Cleodora,  the  two 
plates  of  the  shell  are  united  together  along  the  sides  as  well  as  at  the 
base,  leaving  an  opening  only  in  front.  The  shell  of  the  Limacina 
is  a  cone  twisted  spirally  in  one  turn  and  a  half.  The  shell  of  the 
Cymbulia  is  symmetrical,  like  a  boat  or  slipper,  but  is  cartilaginous. 
The  Clio  and  Pneumodermon  are  naked,  or  without  shells. 

All  the  species  of  Pteropoda  are  of  small  size ;  they  float  in  the 
open  sea,  often  at  great  distances  from  any  shore,  and  serve,  with  the 
Acalephae,  to  people  the  remote  tracts  of  the  ocean.  In  the  latitudes 
suitable  to  their  well-being,  the  little  Pteropoda  swarm  in  incredible 
numbers,  so  as  to  discolour  the  surface  of  the  sea  for  leagues ;  and 
the  Clio  and  Limacina  constitute,  in  the  northern  seas,  the  principal 
article  of  food  of  the  great  whales. 

Those  Pteropoda  which  have  symmetrical  shells  composed  of  two 
plates  have  one  applied  to  the  dorsal,  and  the  other  to  the  ventral, 
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surfftce  of  tlte  body,  as  in  the  Brachiopoda.     Tlie  shell  19  bi 
form,  but  the   two  valve-shaped   plates   are  conflueut  at    the 
repreaentiDg  tlie  hinge  (a,  ft,  e)yand  their  free  Iwrders  do  not  aorr^^pa 

In  Jiff,  195,  No.  1  sliaws 
ventral  surface  of  the  i 
aftra,  with  the  head  fi,  1 
its  wing-like  muscalar  ( 
pansions  /,  m.     Tlie  hio( 
or  abdomtjial  divisrion  of  1 
body   is   protected    by 
ghell,  whicli  terininatea 
hind    in    three    potntjs, 
ft,  c.       The  ventral  plate 
is   the   shortest    and   in< 
convex  :    the  dorsal    plai 
^^^^^^—g  ^t  is  nearly  flat  and  obloq 

^        ^^^^^^A         The  lateral  borders  of 
"J^*^**^  two  plates,  r  e,  ft/  are  sef 

rated  by  a  long  and  narrow  lissure,  through  which  the  extensile  bord* 
or  appendages  of  the  mantle  can  be  protruded.  The  head  and  itd  & 
project  from  the  wider  anterior  opening.  The  fins  i^  m^  are  support 

on  a  short  and  thick  neck 
pedicle  (3,  c):  in  the  livij 
animal  they  are  of  a  bright  y€ 
low  colour  with  a  deep  viol 
spot  near  their  base,  which,  wii 
their  flapping  movements,  givi 
them  a  resemblance  to  the  mn] 
of  a  butterfly.  Between  the  di 
arc  tw^o  small  labiate  foldSt 
eluding  the  mouth  and  the  out! 
of  the  penis* 

A  cylindrical  musclo  ^y^^.  i^ 
u)  arises  from  the  middle  poh 
(a)  of  the  shell,  and  traverses  tl 
viaceral  mass  to  be  inserted  inl 
the  neck ;  it  divides  for  ibj 
purpose  into  four  short  fascicn 
which  diverge  in  the  £ubsian< 
of  the  flna;  other  Strata  of  mui 
cular  fibres  decussate  the  pr^ 
ceding  obliquely  in  those  loc< 
motive  evpansiona.     The  nervoi 
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system    in   this   blmd    and    non-ten taculate    ptoropod    partakes  of 

the   siroplicity   of  that  in  tho  bivalves ;  inasmuch  as  there  is  no 

[ganglionic  enlargement  of  the  upper  part  of  the  oosophageal  loop* 

The  chief  centre  {Jtg^  197,  r)  consists  of  a  large  flat  subquadratc 

Buboesophageal  mass,  from  the  an- 
1&7  terior    angles  of  which  proceed 

the  chords  encircling  the  gullet, 
and  some  nerves  to  tlie  fins :  the 
other  nerves  to  the  fins  und  those 
to  the  rest  of  the  body  are  given 
^X^  (  „  off  from  the  posterior  angles  of 
the  great  ganglion.*  The  acous- 
tic vesicles  ore  in  contact  with  the 
fore  part  of  this  ganglion  ;  they 
are  large,  and  have  otolites,  kept 
in  motion  by  the  vibratile  cilia 
of  the  inner  surfnceof  the  vesicle. 
The  lingual  teeth  are  arranged 
in  transverse  rows  of  three  in 
'  each ;  they  are  long  and  recurved. 

H]rii«a.  The  ccsophagus  (v.fgs.  196,  197) 

overlies  the  penis  ;  it  dilates  into 
a  kind  of  crop  {^17.  197,  w\  which  conducia  to  a  cylindrical  gizzard 
(or):  both  these  have  their  inner  surface  produced  into  longitudinal 
folds    (9),    tlioso   of    the    crop    {w)    being    more    numerous    than 
those  of  the  gizzard  {x).     The  intestine  {^fh  197,  y)  is  a  narrow 
tube  of  uniform  diameter,  which  describes  two  convolutions,  bending 
f  towards  the  ventral  surface,  in  the  substance  of  the  liver  {^fig*  196, 
1 6,  ar,  and   197,  r,  z).     The  anus  is  on   the  right  side  of  the  neck, 
I  beneath  the  right  fin.     In  Sagitta  the  hepatic  substance  appears  to 
be  blended  with  the  intestinal  walls.    In  Fncumodermon  the  stomach 
is  lined  by  a  layer  of  small  hepatic  follicles.     If  the  dissection  of 
Hijalcca  be  made  from  the  dorsal  aspect,  as  in  fig*  196,  6,  the  hearty 
wiiich  consists  of  an  auricle  and  a  ventricle*  is  seen  on  the  left  side 
upon  the  inner  border  of  that  end  of  the  gilt,  <.     This  branchial 
organ    is   a   long   narrow   body   subdivided    into   small    transverse 
[ciliated  lamelZsE!;  and  describing  a  curve  which  runs  almost  parallel 
[with  the  border  of  the  shell-cavity,  /j,  q^s^  fig,  196,  6,  BjiAfig.  195,4- 
A  contractile  renal  organ  opens  into  the  branchial  cavity. 

The  male  and  female  organs  are  combined  in  the  same  individual 
I  in  all  PteropodB.     The  ovario-testis  (Jig.  196,  6,  w\  presenting  a 

**  Cuvler,  owing  to  his  opltiion  ai  to  tlie  dorsal  and  ventral  aspects  of  the 
Hjaliea,  describes  this  ganglion  bs  the  brain,  CCCXXI. 


I 
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gimcture  like  that  in  the  snail  (p.  561),*  Ib  a  largo  oblong  1 
placed  in  the  middle  of  the  visceral  maas.  A  long  and  EilendAr 
deferens,  with  which  communicated  a  cacal  tube,  commanicates  \ 
the  duct  of  a  large  album  in  iparoua  gland  or  uterus  (y%r.  196,  ^ 
occupying  the  loft  side  of  the  abdomen :  the  common  canal  termin 
by  an  orifice  anterior  to  the  mouth.  From  thia  orifice  the  excii 
organ  (^^*  197,  8;  can  be  protruded. 

Of  the  naked  Pteropods,  ^g,  198,  dhows  the  Clw  horeaiU^  of 
198  natural  sire:    1  from 

ventral  aspect,    with 
*  g^  ^AHr  cephalic  lobe^  contract 

^^mMg^s-^  ^'  **f    '   ---     2  and  3  the  siime, 

^^^^^^P  those     lobcd     expand 

^^^^i  1  /jjp       il  showing  the    conical 

■      I      *^n  ^      <» \\l         n  phalic  appendages  #, 

M  M   ^^M^^^L  J3  Jf  ^^^  tentacles  A^  the  q 

MjH  — -Jrp3i^  ^^Jm  ^r  ^'*^  rudimental  foul 

^»  ^   /JTj^x   '^     ^K  ^^^  '^  posterior  lobe 

W      {  P%  ^\^      W  ^^^^  ^^^  ^^  ^  »  ^^^^  S^^ 

rntive  pouch  ff ;  and  I 

protruded  introraitt< 
organ  h^  along  the  a 
cave  side  of  which  ni 
the  generative  duct  (L 
shows  the  animal  fr< 
the  dorsal  aspect, 
the  cephalic  lobes  ct 
traded*  5  and  6  sh< 
tlie  animal,  as  seen  fw 
the  right  side  with 
fins  cut  off,  so  as  to 
pose  e  the  long  oriBce 
the  accessory  generati 
pouch ;  I  the  proper  generative  pore,  and  i,  the  anus :  p  is  the  "  co 
strictor  cervicis  **  muscle  ;  o  the  rudimental  foot.  Each  lateral  lo 
of  the  head  supports  three  of  the  retracted  processes,  which,  wli 
fully  expanded^  form  a  radiated  crown  about  the  mouth.  Eacli 
the  six  processes  is  perforated  by  numerous  cavities,  recognisable 
the  naked  eye  as  red  points,  but  which  consist  each  of  a  transpare 
sheath  inclosing  a  central  body  composed  of  a  stem  terminated  by 
tuft  of  about  twenty  microscopic  pedunculated  dti^cs,  the  total  numb 
of  which   in    the  head    of  the   Clin,  Eschricht,  their   discoverer 
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estimates  at  360,000 !  The  head  of  the  Pneumadermany  also  a 
naked  Pteropod,  is  provided  with  ocular  tentacles;  the  mouth  is 
covered  by  a  large  hood  supporting  two  small  simple  tentacles,  and 
two  large  processes  beset  with  numerous  pedicellate  suckers.  There 
is  a  small  oval  foot,  with  a  pointed  posterior  lobe,  beneath  the  neck, 
and  a  rudimental  shell  protecting  the  small  branchial  processes  at 
the  bottom  of  the  visceral  cavity. 

The  cervical  aliform  expansions  of  the  Clio  are  muscular,  like  those 
of  the  ffi/alasa,  subserving  locomotion,  not  respiration,  as  Cuvier 
believed.  In  swimming,  the  Clio  flaps  the  ends  of  the  wings  in 
contact,  first  above,  then  below.  The  true  branchial  ciliated  and 
vascular  surface  is  developed  in  all  Pteropods  upon  the  inner  surface 
of  the  mantle. 

There  are  two  slender  and  simple  tentacula  (^.  198,  3,  k  A), 
which  seem  to  exercise  only  the  tactile  faculty.  Two  superoeso- 
phageal  ganglia  are  developed  upon  the  upper  part  of  the  nervous 
collar  which  incloses  the  beginning  of  the  alimentary  canal ;  the  two 
pedial  and  the  two  branchial  ganglia  are  closely  approximated  and 
connected  with  the  inferior  and  lAeral  parts  of  the  nervous  collar. 
From  these  centres  the  nerves  aiHS  distributed  to  all  the  viscera  and 
parts  of  the  body.  The  acoustic  vesicles  receive  their  nerves  from 
the  subc&sophageal  ganglion,  or  the  anterior  pair,  where  the  mass 
is  subdivided,  as  in  CUo,  HyaUsa  seems  to  be  blind :  most  other 
Pteropods  have  eyes,  and  even  the  Sagitta  has  a  pair  of  ocelli, 
forming  two  prominences  on  the  top  of  the  head,  and  resting  directly 
on  the  ganglionic  enlargement  of  the  optic  nerve. 

The  male  and  female  sexual  organs  are  combined  in  the  same  in- 
dividual Clto :  the  duct  of  the  voluminous  ovario-testis  communicates 
with  a  spherical  albuminiparous  sac,  and  is  then  continued  to  the 
base  of  the  intromittent  organ,  which  projects  from  an  orifice  on  the 
right  side  of  the  head ;  it  is  almost  as  long  as  the  body,  and  indicates 
that  impregnation  takes  place  by  reciprocal  coitus,  as  in  many  of  the 
androgynous  Gastropods.  The  sperm-reservoir  is  a  pyriform  vesicle 
with  a  short  peduncle. 

The  development  of  the  ova  of  the  Pteropoda  has  not  yet  been 
observed  ;  but  the  larv®  of  some  species  have  been  detected ;  that  of 
Pneumodermon  has  the  end  of  the  body  encircled  by  two  ciliated 
bands.  Vogt  afiHrms  that  two  deciduous  ciliated  cephalic  '^  vela  "  like 
those  of  the  larvae  of  most  marine  Gustropods  precedes  the  develop- 
ment of  the  aliform  fins. 
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The  transition  fponi  H^c  Pitropoda  to  the  present  cIass  appesn 
be  made  hy  the  Phillirot^  the  Glaueus^  the  Carinarm,  and  tlie  /Spi 
all  floating  pelagic  genera  remarkable  for  the  deUcacjr  of  their  tisai 
and  ibe  rudimental  character  of  their  gastric  foot,  lltcse  abert 
Gastropods  manifest  the  same  afllmty  to  the  preceding  group  by 
presence,  in  some,  of  lateral,  symmetrical,  more  or  less  alifonn  i 
pansions,  and,  in  others,  of  a  shell  characterised  by  its  elegant  sj 
metry,  lightness,  and  transparency ;  that  of  the  Carimaria  maeh 
sembles  the  shell  of  the  C^nitulia  in  form,  but  is  of  a  calcarat 
texture. 

The  typical  Gastropods,  characterised  by  the  greater  deTelopiii^ 
especially  the  breadth  of  their  rentral  muscular  locomotive  disc^  o 
stitute  a  Tery  extensive  and  widely  distributed  class  of  MoUosci 
animals,  many  of  which  ap|iear  to  have  superseded  the  extinct 
habitants  of  the  chambered  shells  in  the  organic  economy  of  the  i 
fating  ahorca.  Most  of  the  specif  are  marine  ;  many  inhabit  fn 
waters  ;  a  few  are  terrestrial.  They  offer  corresponding  conditio 
of  the  respiratory  organs  in  relation  to  these  media,  with  minor  n 
difications,  of  which  systematic  naturalists  have  availed  themsel^ 
in  distributing  the  numerous  and  divcrsiOed  members  of  the  cl 
into  orders. 

In  certain  small  sholl-less  marine  genera,  *,^.  Bhodo^te^  TVf^ 
Efflidina^  no  distinct  respiratory  organs  have  been  detected ;  thi 
form  the  order  Apneiista, 

Where  those  organs  are  present  they  are,  in  the  lower  forms  of  fl 
class,  exposed.  The  genera  which  support  thiin  on  the  back»  or  | 
sides  of  the  back,  as  the  Glaurui^  ScyUtrOt  Tritonia,  form  the  on 
Nudibrnnchiata^  in  which  all  the  species  are  without  shells  in  I 
mature  state.  Those  genera  which  carry  the  gills  at  the  low^er  parlj 
the  sides  of  the  body,  between  the  foot  and  mantle,  as  the  Phyliid 
constitute  the  order  Inftrobramhiata ;  they  are  likewise  naked  wH 
mature.  The  genera  in  which  the  gills  have  a  similar  position,  | 
extend  around  the  body,  as  in  Patrlla  and  Chiton,  form  the  on 
Cyclobranehiata  :  they  are  defended  by  a  conical  shell  composed 
one  or  many  pieces. 

In  the  rest  of  the  class  the  respiratory  organs  are  concealed.  TtM 
genera,  as  the  Aplasia  and  BttlJa,  which  liave  the  gills  protected 
a  fold  of  the  mantle  containing  a  rudimental  ahel^  or  by  a  TefiBQi 
prooess  of  the  foot,  form  the  order  Teciiitranchiaia,  Those 
as  Limax  or  Helur,  which  have  a  vascular  air-sac  or  lung,  pi 
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by  a  rudimental^  or  fully  developed  shell,  form  the  order  Pulmonata, 
In  all  the  foregoing  orders  of  Gustropodd  the  male  and  female  organa 
of  generation  are  associated  in  the  eame  individual*  In  the  re* 
tnainder  of  the  class  the  sexes  are  distinct.  A  smull  order  of  marine 
Gastropods,  inclinliiig  the  Fismrella  and  ffaUoth^  which  have  their 
pectinated  branchiic  protected  by  a  wide  shield- shaped  shell,  is 
called  Scutibranchiata,  Another  sraall  group  in  which  similar 
branchiffi  are  protected,  witli  the  entire  body»  by  a  tubular  shell,  is 
called  THhulibranchiata^  In  the  lost  and  highest  organised  order, 
called  Pei'tinibranvhiata^  from  the  comb-shaped  gills  which  have  a 
lial  cavity  at  the  fore  part  of  the  back,  the  males  are  provided  with 
an  intromit  tent  organ. 

The  soft  parts  of  the  Gastropods  are  immediately  invested  by  a 
soft  inarticulati^d  lubricous  integument,  forming,  in  most,  a  sub- 
circular  fold  {fg,  199,  c)  about  the  neck,  l>ehind  which  it  is  dilated 

into  a  sac  (ib.  d)  containing  a  portion 
of  I  he  viscera,  which  fold  and  sac  are 
called  the  "mantle."  In  the  skin 
may  be  recognised  an  epidermal,  a 

[^^^3  '  ^^V^S^^^     pigmental,  and  a  dermal  layer,  the 
^^^. U',!!!?§ ^S^^^^    latter  being  of  a  musculo-cellular 
^^Bi^^^^^  structure    and     highly    contractile* 

^'^"**  The     epiderm     is     ciliated     over 

nearly  the  whole  body  in  the  aquatic  Gastropods,  but  only  in  certain 
ipots  in  the  terrestrial  species.  The  white  striae  at  the  sildes  of  the 
tieck  and  foot  of  HelLx  are  composed  of  short,  thickly-set,  calcareous 
neediest  the  entire  skin  of  Polycera  and  some  other  Nudibranchiatea 
is  studded  with  analo^^ous  ramified  spicula^^ 

The  shell  results  from  the  metamorphosis  and  calcification  of  cells 
deposited  in  layers  beneath  the  epidermis,  in  the  situation  of  the 
rete-mucosum  in  the  human  integument*  In  Limax  and  Clausilia 
the  first  trace  of  the  rudi mental  shell  is  in  the  form  of  crystals  of 
carbonate  of  lime  in  the  substance  of  the  mantle.*  Its  formation  in 
the  univalve  Gastropods  commences  in  the  embryo,  and  the  first- 
formed  part  is  called  the  nucleus  of  the  shell ;  the  succeeding  layers 
are  not,  however,  formed  around  this,  but  are  added  to  the  inner 
surface  of  the  circumference  of  the  previously  formed  parts ;  and  the 
proportions  in  which  the  new-formed  layers  extend  beyond  their 
predecessors  determine  the  figure  of  the  future  shell.  In  some 
Gastropods,  at  certain  seasons,  the  margin  of  the  mantle,  iii  wliich 
the  shell-forming  process  is  most  active,  extends  outwards  at  an 
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obtuse  or  right  angle  to  the  lodtformed  margiii  of  the  fi 
having  furmed  a  calcureous  plate  in  this  positioo,  the  m&ntle  exi 
in  the  ordinary  direction,  increasmg  the  length  of  the  shell,  aa 
again  similarly  extended  at  a  right  angle  with  the  last-farmed  p 
it  is  to  this  periodical  growth  of  the  mantle  and  plethoric  condj 
of  the  culcifyiiig  vessels  that  the  ridges  on  the  exterior  of  tlie  I 
in  the  wentletrap  {Scalaria  pretiosn^Jig,  200)  are  due.  Should 
margin  of  the  mantle,  instead  of  being  i 
formly  extended,  send  outwards  a  numbe 
de  ladled  ten taculi form  culcifying  procei 
these  will  form  a  row  of  spines  carrespoiK 
in  length  and  thickness  to  the  soft  parts 
which  they  are  moulded ;  and,  as  the  catcificaJ 
of  the  processes  proi?eeds,  the  spines,  wl 
were  at  first  hoUow,  become  solidified^  \ 
lumlly  soldered  to  the  margin  of  the  at 
This  development  of  pallial  calcifying  procei 
or  tilaments,  and  of  the  resulting  spines,  likev 
alternates  with  periods  of  the  ordinary  tnor^ 
of  the  shell ;  and  thus  its  exterior  tisri 
may  become  bristled  with  rows  of  spines, 
in  the  Murex  crasikpina*  The  periodical  i 
cretion  of  the  excess  of  calcareous  matter  in 
blood  is  greatest  in  the  carnivorous  univalves. 

The  most  simple  form  of  univalve  shell  is  the  cone,  which  may 
much  depressed,  as  in  the  genus  Umbrella^  or  extremely  elevated 
contracted,  as  in  DtntadufHy  or  of  more  ordinary  proportion) 
the  Limpets  {Patella),  The  apex  of  the  cone  is  always  obUrp 
excentnc;  directed  in  the  Limpets  towards  lh«  head,  but  in  oti 
Gastropods  towards  the  opposite  extremity  of  the  body,  1 
conical  umvalvc  shell  is  generally  spirally  convoluted,  sometimes 
the  same  plane,  e.g.  Manorhis^  but  more  usually  in  an  obliij 
direction.  The  apex  of  the  shell  (a)  is  formed  by  the  nucleiia* 
part  developed  m  the  eg^  i  it  is  ummmillated  in  Fusus  aniif/m{ 
The  spiral  turns  of  the  sliell  {b  b)  are  C4illcd  **  whirb/*  tlio  k 
(hj  d)f  being  the  **  bmly-whirl/' 

As  a  general  rule  the  spiral  univalve,  if  viewed  in  the  position 
whicli  its  inhabitjmt  would  carry  it  if  it  were  moving  forwards  fr< 
the  observer,  is  twisted  from  the  apex  downwards  from  left  lo  rig" 
the  spire  being  directed  obliquely  towards  the  right ;  but  in  &  U 
genera,  e.  g,  Cfatmlin^  Fhysa^  the  shell  is  twisted  in  the  oppos: 
diiH?ction,  when  it  is  called  *•  reverse"  ^yv  ''* sinistral/*  Some  indiv  idu! 
of  Htiiinusj  Pariula^  and  Pupa,  and  of  a  few  marine  species^  its  Fm 
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siuistrorsus,  are  sinistral.  The  part  around  which  the  spiral  cone  is 
wound  is  termed  the  "  columella :  "  this  is  sometimes  simple,  some- 
times grooved,  sometimes  plicated ;  in  son^e  shells  it  is  solid,  in 
some  hollow ;  in  the  latter  case  its  aperture  is  termed  the  ''umbilicus  '* 
(  Solarium). 

The  aperture  which  forms  the  base  of  the  spiral  univalve  is  bounded 
by  an  ''  outer  lip "  (d),  and  an  ''  inner  lip ; "  the  latter  offers  a 
smooth  convex  surface,  over  which  the  foot  of  the  Gastropod  glides 
to  reach  the  ground.  In  many  univalves  the  aperture  of  the  shell  is 
entire ;  in  others,  the  left  side  is  formed  only  by  the  ''  body-whorl ;  ** 
or  the  peristome  (as  the  margin  is  called)  may  be  broken  by  a  notch, 
or  perforated  by  one  or  more  holes,  or  a  portion  of  it  be  produced 
into  a  canal  or  siphon.  These  modifications  are  important  on 
account  of  the  constancy  of  their  relation  to  certain  conditions  of 
the  respiratory  organs.  Thus  all  the  pectinibranchiate  Gastropods, 
in  which  the  water  is  conducted  to  the  shell  by  a  muscular  tube  or 
siphon,  have  the  margin  of  the  aperture  of  the  shell  either  notched  or 
produced  into  a  canal.  Sometimes  there  is  a  posterior  channel 
which  is  anal  in  its  function  {SirambidiB) :  it  is  represented  by  a 
slit  in  Scissureilaj  a  tube  in  TyphiSj  a  perforation  in  Fissurelloy  and 
a  series  of  holes  in  IlaUotU. 

The  Gastropods  which  first  appear  in  the  palaeozoic  strata  have 
entire  mouths ;  the  siphonated  species  are  not  found  lower  than  the 
lias,  and  they  go  on  increasing  in  numbers  in  and  from  the  tertiary 
series  to  the  actual  sea  shores. 

In  some  of  the  Gastropods  the  shell  consists  of  one  piece,  when  it 
is  termed  an  ''  inopercular  univalve ; "  but  the  aperture  of  the  shell 
is  in  the  m^^ority  of  the  species  closed  by  a  plate,  attached  to  the 
back  of  the  foot,  and  called  the  ''  operculum  "  {Jig,  208,  6).  This  is 
sometimes  calcareous,  forming  a  second  shelly  plate;  but  it  more 
frequently  consists  of  albuminous  membrane  only,  or  is  horny; 
thus  presenting  the  condition  which  the  shell  itself  manifests  in 
certain  genera,  as  Limax  and  Aplasia.  Some  opercula  increase  by 
the  addition  of  matter  to  their  entire  circumference,  and  these  are 
either  concentric,  as  in  PaludinOy  or  excentricy  as  in  AmpuUaria 
and  most  of  the  Pectinibranchs.  Other  opercula  grow  by  the 
addition  of  matter  to  part  of  their  circumference,  and  these  are 
either  spiral  or  imbricated ;  in  the  latter  the  layers  of  growth 
succeed  each  other  in  a  linear  series.  No  operculum  presents  an 
annular  form.  Deshayes  figures  the  operculum  of  Solarium  patulum 
as  composed  of  many  distinct  and  spirally  disposed  lamellae.  Mr. 
i:.  Ljiyard  has  discovered  a  similarly  complex  operculum  in  the 
(aCaultis  Austenianus,   a  little  univalve  of  Ceylon.     As  the  oper- 


culuni  sometimes  varies  in  structure  in  the  8?n 
in  sumt?  sjwcies,  ami  shelly  in  others  of  Ampvli 
it  \%  present  in  some  volutea,  cones,  mitres,  find  olives,  mtd 
other  species  of  those  genera,  —  and  ad  some  genera  io  a  oatw 
family,  c.ff.  Harper  and  Dolium  among  the  Buccinoidn,  ore  without 
operculum,  whilst  the  other  gecero  of  the  same  famity  possess  th 
appendage^ — ^it  obviously  affords  characters  of  secondary  importuni 
in  classification.  In  LUhedaphus  ( Califptrcta)  etptesiru  the  whq 
base  of  the  foot  secretes  n  calcareous  plute  which  is  cemented  to  tl 
rocky  and  the  shell  appears  to  consist  of  two  vnlv^es.  In  the  ChiU 
the  shell  is  divided  into  eiglit  symmctricdl  pieces  arranged  like  seal 
upon  the  back;  ttie  first  of  these  is  the  smallest,  the  last  the  longi 
and  most  approaching  the  circular  form. 

In    the  itit«irior  of  the   shell  the  muscular  impression  is  usual 
crescentic,  with  the  horns  turned  towards  the  head  of  the  animaL 

Most  univalva  shells  are  composed  of  three  strata,  which  diifi 
in  the  arrangement  of  the  calcareous  particles :  the  innern 
is  nacreous  in  the  fucivorous  univales,  e.  tj,  Putelta,  Ua/f  i^ 

resembles  enamel  in  the  mnrine  species*  In  Cauii  rufa  eac 
hiycr  is  compofied  of  many  huninoB,  which  are  perpendicular  to  tl 
phine  of  the  main  layer  ;  and  each  lamina  consists  of  a  series  i 
prismatic  cells,  adherent  by  their  long  sides  :  the  lamina  of  tl 
outer  and  inner  sides  are  parallel  to  the  lines  of  growth,  while  thoi 
of  the  middle  layer  are  at  right  angles  to  them.  In  the  Cowiii 
(Ct/prtrtr),  there  is  on  adilitional  layer,  which  ia  nacreous,  at^  4 

by  the  over-lapping  mantle-lobes  when  tlio  animal  has  att 
full  growth.  Such  shells  are  called  "  Cameo-shella,"  those  orni 
being  formed  by  the  removal  of  one  layer,  and  the  carving  of  ll 
next.  Hunter*  discovered  that  the  molluscous  inhabitant  of  a  aliQ 
had  the  power  of  absorbing  part  of  its  dwelling.  This  proper* 
which  is  now  generally  recognised,  is  well  illustrated  by  the  thinnua 
of  the  parietes  of  the  internal  whorls  of  the  Cones  and  Olives^  frol 
which  two  out  of  the  three  layers  of  which  they  were  original] 
composed  may  be  observed  to  have  been  removed*  The  absorptia 
of  shell  is  also  illustrated  by  th©  removal  or  smoothing  down  of  tl 
apinea  of  the  3furic€S^  aa  the  growing  wliorl  expands  and  overlaps 
predecessor ;  by  the  tlattening  of  the  inner  lip  of  the  mouth  of  th 
Pur^mrw ;  by  the  widening  of  the  faecal  aperture  of  th^  FissurelliB 
and  it  gives  rise  to  various  other  modifications  in  the  form  a 
structure  of  shell  in  the  progress  of  growth.  Another  change 
form  is  due  to  the  physical  decomposition  or  destruction  of  a  part 


•  Philo*.  Traa*.  1785,  p.  343, 


JIL^ 


PTEROPODA  AND  GASTROPODA.  545 

a  shell  during  the  lifetime  of  the  inhabitant.  This  occurs  to  the 
apex  of  certain  univalves  after  the  shell  has  been  evacuated  bj  the 
original  occupant  in  the  widening  and  lengthening  the  shell  to 
accommodate  it  to  an  increase  of  bulk :  such  shells  are  said  to  be 
'*  decollated,"  as,  for  example,  the  Bulinus  decoUaius, 

The  inhabitants  of  univalve  shells  dispose  in  different  ways  of  that 
part  of  their  calcareous  abode  which  they  evacuate  in  the  progress  of 
growth  ;  in  the  decollated  shells  the  vacated  spire  is  portioned  off, 
prior  to  its  abrasion,  by  the  formation  of  a  thin  nacreous  plate.  In 
the  Vermeius  gigas  the  vacated  portions  of  the  tube  are  retained,  and 
successively  portioned  off,  a  series  of  concave  plates  or  septa  being 
thus  developed.  In  the  Magilus  antiquus  the  posterior  part  of 
the  shell,  as  the  soft  parts  move  forwards,  is  progressively  filled  up 
with  a  dense,  solid,  subtransparent,  crystalline  deposit  of  carbonate 
of  lime. 

Univalves  which  inhabit  rocks  upon  which  surf- waves  are  ever 
breaking,  have  stronger  and  denser  shells  than  those  that  live  in 
calmer  seas,  or  in  sandy  and  muddy  bottoms.  The  shells  of  air- 
breathing  raoUusks  exhibit  analogous  effects  of  external  influences ; 
those  of  the  burrowing  Buliniy  e.  g.,  are  colourless  and  subtrans* 
parent ;  but  the  shell  is  vividly  coloured  in  the  species  inhabiting 
plains  with  scanty  vegetation  and  much  exposed  to  solar  light :  the 
shells  are  largest  and  thickest  in  the  arboreal  Bulini  of  tropical 
forests,  which  live  amongst  an  abundance  of  decaying  vegetable 
matter. 

The  part  of  the  mantle  which  invests  the  viscera  in  the  conchifer- 
ous  Gastropods  is  smooth,  thin,  and  sub-transparent,  resembling  the 
sac  of  a  hernia,  which,  with  the  viscera  themselves,  appears  to  have 
escaped  from  the  common  muscular  integument  of  the  body.  This 
visceral  mass,  as  it  is  termed,  is  lodged  in  the  upper  part  of  the  cone 
of  the  shell,  the  spiral  turns  of  which  it  follows.  The  head  and  foot 
of  the  animal  can  be  protruded  from  the  mouth  of  the  shell,  and  be 
retracted  within  its  last  whorl,  by  the  action  of  a  muscle,  which  has 
its  fixed  point  in  the  columella  of  the  shell.  This  retractor,  to  which 
the  operculum  when  present  is  attached,  answers  to  the  posterior 
retractor  of  the  foot  in  bivalves.  The  form  and  size  of  the  shell- 
aperture  correspond  with,  and  indicate  the  size  of,  the  foot  In  the 
pictinibranchiate  Mollusks,  which  are  the  chief  fabricators  of  the 
beautiful  turbinated  shells  of  the  conchological  cabinet,  the  foot  is 
attached  to  the  anterior  part  of  the  body  by  a  narrow  base ;  whence 
they  have  been  termed  by  Lamarck  Trachelipods, 

The  primitive  muscular  fibre  is  smooth  in  all  Gastropods  :  the  pri- 
mitive fasciculi  have  often  numerous  nuclei  scattered  through  them. 
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The  culaneotia   muscular  layer  conaists  of  oblique,  longfi 
and  transverse  fibres,  intimately  united  with  tho  corium.     U[)< 
ventral  surface  it  becomes  very  thick,  and  forms  a  long^  didc 
the  **  fcK>t."     The  fibres  of  tbis  part  contract  succeBsively,  so 
fono  ^vrinklea  or  transverse  waves  following  each  other  from  hehh 
forwards ;  whereby  the  disc  glide*  over  solid  bodies  or  the  aurfacc 
water.    The  circular  foot  of  tlie  limpet  is  used  as  an  adheaive  suek< 
In  some  speciea  it  expands  to  a  great  breadth;  in  many  it  ia  € 
tended  lengthwise,  and  more  or  less  deft  transversely;  so  that 
*orae  species  tbree  divisions  may  bo  indicated:  the  anterior  of  the 
is  distinct  in  Naiica ;  the  middle  division  forms  the  chief  creepii 
disc;  the  posterior  one  supports  the  operculum,  when  tbij  is  der 
loped.     The  posterior  lobe  of  the  foot  in  the  inoperculate  Harpa 
said  to  separate  spontaneously  when  the  animal  ia  Irritated* 
Atalanta  it  is  compressed,  but  supports  the  operculum  :  it  aeefl 
also  to  form   the    tail   in   tho  beautiful  Carinaria^   in    which 
middle   part  of  the  foot   is  reduced  to  a  small  suctorial  disci  sn 
ported  by  a  part  the  form  of  a  fin**     This  mollusk  and  its  allit 
henco  called  Heteropoda^  swim  on  their  back  with  their  locoinoti 
foot  upwards.     The  tentacles,  buccal  mass,  and   pents^  have  thi 
special  retractor  muscles  in  most  Gastropods. 

In  the  living  C^rtpa  and  Ovula  the  mantle-lobes  are  observed 
be  in  almost  constant  tremulous  motion  :  but  the  moat^  vigoro; 
muscular  efforts  in  Gastropods  arc  tJiose  of  the  foot  combined  m 
the  retractor  shcU-miiacle,  The  Strombs  and  Scorpion -she  Us  there) 
progress  by  successive  jumps ;  the  active  Olives  can  turn  over  wh( 
laid  on  their  back,  and  bury  themselves  in  the  sand  aa  the  ti( 
retires ;  the  periwinkle  advances  alternately  the  sides  of  its  lon^ 
tudinally  indented  foot ;  Buecinum  arcuhria  defends  itself  by 
dentated  operculum. 

At  the  grade  of  the  Molluscous  organisaiiou  which  the  GastrofMi 
have  reached,  their  capabilities  and  spheres  of  action  become 
extended  and  diversified  than  in  the  Pteropods  and  Acephala; 
are  terrestrial,  some  arboreal,  whilst  the  more  numerous  aqoat 
species  are  endowed  with  power  to  attain,  subdue,  and  devour  orgai 
ised  matter,  dead  and  living.  The  nervous  system  of  the  Gast: 
pods  is  accordingly  not  only  more  complex  and  concentrated,  ni 
only  subordinated  to  heiter  developed  masses  io  connection  wil 
organs  of  special  sense  and  exploration,  but  it  offers  greater  varid 
in  its  general  arrangement,  and  especially  in  the  position  of  lU  tm 
glions^  than  in  the  Lamellibranchiate  class,  and  with  these  mod 
fications  considerable  diiTerences  in  the  outward  configuration  of  ll 
body  are  associated. 
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A  few  Grastropods,  for  example,  are  sjinmetricaly  more  or  less  flat, 
or.  depressed;  others  are  compressed;  the  majority  are  contorted  and 
lose  their  symmetrical  form  in  an  oblique  twist :  there  are  other  di- 
versities of  organic  structure  which  more  immediately  affect  the  con- 
dition of  the  nervous  system,  for  some  species  possess  both  eyes  and 
tentacles,  whilst  others  are  blind  and  akerous. 

The  nervous  system  has  a  distinct  fibrous  neurilemma,  often 
charged  with  pigmental  cells.  The  ganglion-cells  are  often  pedun- 
culated, and  have  usually  a  very  large  nucleus  composed  of  obscure 
granules,  in  the  midst  of  which  are  usually  two  to  four  transparent 
nuclei.  The  central  part  of  the  system  surrounds  the  oesophagus, 
and  consists  of  different  parts,  of  which  that  which  is  above  the  tube, 
and  which  usually  includes  two  contiguous^  ganglia,  is  called  the 
brain. 

In  the  limpet  (Patella),  and  bubble-shell  (Bulla),  we  find  that  the 
cerebral  ganglions,  as  in  the  bivalves,  are  still  distant  from  each 
other,  and  situated  at  the  sides  of  the  oesophagus,  connected  together 
by  a  nervous  chord  or  commissure  which  arches  over  that  tube : 
from  these  ganglions  two  filaments  proceed  backward  on  either  side ; 
the  median  and  superior  pair  passes  along  the  sides  of  the  oesophagus, 
converges  and  meets  below  to  form  a  pair  of  ganglions  in  close 
contact  with  one  another  which  supply  the  foot  and  viscera :  these 
are  evidently  homologous  with  the  bilobed  pedial  ganglion  of  the 
MytUus.  The  lateral  and  inferior  filaments  pass  downwards  to  join  two 
widely  separated  branchial  ganglions,  homologous  with  those  situated 
on  the  posterior  adductor  in  the  MytUtu.  We  observe,  however,  a 
considerable  difference  in  the  relative  positions  of  the  pedial  and 
branchial  ganglions  in  the  limpet;  the  latter  have  advanced  into 
close  contiguity  with  the  pedial  ganglions,  and  are  connected  with 
them  by  the  same  transverse  chords,  which  in  Pecten  and  Mytilus 
serve  merely  to  bring  the  branchial  ganglions  themselves  into  mutual 
communication. 

We  thus  observe  in  the  lowest  and  least  locomotive  Gastropods  a 
tendency  in  the  nervous  system  to  be  aggregated  at  the  fore- part  of 
the  body,  the  cerebral  ganglions  rising  more  to  the  upper  surface  of 
the  now  well-developed  head,  and  the  branchial  and  pedial  ganglions 
beginning  to  concentrate  themselves  about  the  mouth.  But  this 
march  of  development  does  not  prevent  the  homologies  of  the  different 
ganglia  from  being  satisfactorily  traced.  In  the  limpet  there  is  a  dis- 
tinct head  and  mouth,  with  organs  of  special  sense ;  and  besides  the 
large  antennal  and  small  ophthalmic  branches  given  off*  from  the 
cephalic  ganglia,  we  find  also  superadded  (infero-pharyngeal)  ganglia, 
having  evident  relation  to  the  muscular  mouth  and  pharynx  and  to 
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the  complex  tongae,  whicli  are  so  many  necessary  porta  spj 
the  simple  oj^ening  of  the  gallet,  with  which  the  alimentAry 
commences  in  the  hivalresL  The  additional  ganglia  in  qaestUwi 
placed  below  the  pharynx^  and  are  brought  into  comintmicatlon 
the  sentient  centres  by  a  filament  continued  downwards  and  forw 
from  each  of  these  ganglia :  they  also  interH^oramunicate  bj  a 
which  forma  a  third  azygod  rudimentary  ganglion  beoeatJi 
axsophagHB  completiDg  an  anterior  ring  oorresponding  to  tbait  w 
is  formed  by  means  of  pedial  ganglion  posteriori  j» 

The  ganglions  corresponding  ta  the  pedial  pair  in  llje  BuUmi 
pear  not  to  be  joined  together  by  a  transTerse  band,  but  to  be  i 
nected  only  with  the  branchial  ganglion,  and  throogh  ihr:        '     \ 
cerebral  ones.     The  three  are  placed  so  dose  together,  t  \\ 

describea  them  as  forming  one  mass.  There  are  two  pbaryni 
ganglia  formed  upon  filaments  descending  from  the  cerebral  ganghi 
The  labial  ganglions,  which  are  developed  in  addition  to  the  pe 
ganglions,  originate  from  the  latter  in  the  Btdla  lignaria  nnd 
eonnected,  through  them,  with  the  cerebral  ring. 

In  the  JfallotU^  the  superior  or  oesophageal  part  of  the  flaeopbii 
circle  is  still  a  simple  commissural  chord.  The  sides  of  the  circle 
formed  by  a  double  chord,  which  unite  below  in  a  single  briincl 
pedial  ganglion  ;  from  which  the  visceral,  as  well  as  the  branchial 
muscular,  nerves  radiate.  The  cerebral  ganglia  are  diatlnci 
connected  hy  a  commissure  in  Janthina,  Turbo^  JL^mneus^ 
Planorbis.  The  sub-cesophageal  mass  in  the  Limnirus  ttagnaHi 
of  an  orange-colour,  and  consists  of  seven  ganglions  united  togi:tJ 
by  a  loose  cellular  tissue. 

In  the  Doris  and  Onchidium  the  cerebral,  pedial,  and  brand 
ganglions  have  coalesced  into  one  annular  mass,  which,  however, 
chicfiy  super-ocsophageal  in  its  position,  united  below  by  a  aleiu 
chord  passing  across  the  under  parts  of  the  cesophagus.  Two 
nerves  are  given  off,  which  descend  and  form  two  small  pharyng 
ganglia,  which,  according  to  Cuvier,  are  united  together.  In 
Doris  Solea  the  quadripartite  character  of  this  large  mass  is  howe' 
obvious.  The  olfactory  ganglia  are  sessile  in  front  of  the  cerebri 
This  is  the  general  character  of  the  nervous  centres  in  other  Nu 
branchiate  and  Apneustal  Gastropods.  The  optic  ganglia  oro  at 
back  part  of  the  cerebral,  on  which  the  acoustic  capsules  are 
The  pharyngeal  ganglia  complete  a  small  ring  about  the  beginni 
of  the  cesophagus,  and  the  pedial,  or  chief  sub-cesophagcal  mas8 
with  their  intervening  commissure,  form  the  second  and  cliief  ri 
The  branchial  ganglia  are  behind  the  cerebral ;  they  supply 
skin  of  the  back  and  the  gills :  beneath  and  sessile  on  their  fn 
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border  is  tbe  single  visceral  ganglion,  from  which  proceed  the  nerve§ 
inrming  the  p1exus<3s  about  the  viscera,  which  arc  in  communication 
with  the  pharyngeal  or  anterior  ganglia  of  this  stomatogastric  system 
of  nervea.* 

In  the  Paludina  vimpara  the  super-ccsophageal  ganglions  (Jiff,  204. 
M,  «)  are  distinett  and  connected  together  by  a  transverse  commia- 
sural  fikmentp  The  Bub-oesophageal  mass  sends  its  principal  branches 
to  the  foot ;  but  one  nerve  comes  off  from  the  right  side,  crosses  tlie 
ijcsophagu8,  afid  expands  into  a  smaU  ganglion  .c,  which  distributes 
its  filaments  to  the  retractor  muscle  that  attaches  the  animal  to  its 
shell* 

In  the  slug  and  snail  {Jig.  201 .)  the  principal  centres  of  the  ner- 
vous system  are  a  super-o^sopha*  201 
goal  (/)  and  a  sub-ocsophageal  (m) 
mass  ;  but  the  complex  character 
of  the  latter  and  larger  mass  is 
indicated  by  the  triple  nervous 
chord,  which  completes  on  each 
side  the  collar  round  the  alimen- 

I       tarytube.   From  the  inferior  mass 

I       the  nerves  radiate  to  the  muscular 

I       foot)  the  soft  and  susceptible  in- 

^^  tegument,  and  the  circulating  and 

^Brespiratory   organs.     The    upper 

^^Kganglion  receives  the  large  nerves 

^^^of  the  tentacles  {^J)  and  ocelli 
(«)  ;  it  also  communicates  on  each 
side  by  two  minute  filaments,  pro- 
ceeding from  its  posterior  and 
outer  angles,  with  a  small  pair  of 
stomatogastric  ganglions  situated  on  the  side  of  the  ccsophagns. 

In  the  Aplt/sia  the  sub-oesophageal  ganglionic  mass  is  divided  into 
two  parts,  wliich  are  joined  together  by  a  transverse  chord,  and 
brought  into  communication  with  the  cerebral  ganglions  by  ascend- 
ing and  converging  chords*  The  cerebral  ganglions  are  blended 
together  above  the  oesophagus,  and  assume  the  position  of  a  true 
brain.  They  supply  nerves  to  the  tentacles,  and  give  off  anteriorly 
two  chords,  which  turn  forwards  to  join  below  the  mouth,  where 
they  form  a  second  cesophageal  collar  upon  which  the  pliaryngeal 
ganglions  are  developed-  The  branchial  ganglion  is  situated  towards 
the  posterior  part  of  the  body ;  the  coimecting  chords  of  this  ganglion 
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jain  iboae  of  tbe  pedinl  ganglia,  bat  may  b€  traced  direetljp 
brain. 

The  position  of  the  cerebral  gangUooa  Taries  accorvljiig  to 
degree  of  extensibility  of  the  mouth  and  cBsopbagua.      Tbus,  ia 
ffelir,  tbey  um  placed  aboTc  the  mouth ;  in  Carocatia^  m%  Ubd  m 
menoemeot  of  the  ccsophagud ;  in  tbe  Buccinmm  or  Wliell^  near 
end  of  tbe  tube;  in  tbe  Purpura,  bejrond  tbe  stomach. 

Am  a  general  rule,  we  find  that  the  superior  gan^Uona  gire 
lentaeular,  oeular,  and  oral  nerrea,  whilst  tbe  inferior  inaaaea  mre  1 
oentres  of  tbe  museular,  respiratory,  and  visceral  intemuntiate 
The  latter  have,  in  addition  to  tbe  infero-pbaryngeal  cenSrea^ 
posterior  splanchnic  ganglion,  or  pair  of  ganglions^  froni 
plexus  of  nerves  proceeds,  in  many  Gastropods  {  Carinaria^ 
Plmtrohrnnchu4).  They  are  situated  beneath  tbe  folds  of  the 
ttne^  eommunicate  with  the  sub-ccsopbageal  ring  and  tbe 
ganglion^  and  supply  tbe  intestinal  canal,  liver,  and  genital  glaoi 
In  the  spiral  pectinibrancbiate  univalves,  where  tbe  branchiaB 
their  nerves  are  twisted  to  the  left  side,  it  is  the  left  branchia  wbi 
is  atrophied,  while  the  right  one  is  of  large  size.  The  nerres 
similarly  affected,  the  left  one  being  BUmentary ;  whilst  the  Hgbl 
a  large  chord,  and  has  the  accessory  branchial  ganglion  deTelo|i( 
upon  it.  The  principal  oesophageal  ganglionic  circle  is  surroi 
by  a  tliick  membrane,  which,  in  the  large  Tritons,  assumes  aliiiOil| 
cartilaginous  hardness.  A  coloured  pigment  is  not  unfrequeiH 
found  occupying  a  position  analogous  to  that  of  the  arachnoid, 
tween  the  dense  outer  membrane  and  the  ganglions.  In  tbe  Limmm 
and  in  the  Plafwrhis  this  pigment  gives  to  tbe  ganglions  their 
or  roseate  hue. 

Amongst  all  this  diversity  in  the  number,  8tie»  and  position  of 
nervous  masses,  certain  ganglia  arc  obviously  homologous  with  tho 
which  have  received  determinate   names   in   the  lamelli  branch  in 
Mollusks.*    Tbe  branch iol  ganglions  receive  impressions  from,  afl 
transmit  them  to,  the  gilk :  they  communicate  also  with  the  bru 
and  through  that  centre  aijsociate  the  gills  with  all  other  parts  of 
body.     The  pedial  ganglion  is  more  commonly  divided  than  in 
bivalves,  and  tho  two  divisions  are  wider  apart,  in  consequence 
the  great  breadth  of  the  foot.     In  those  Gastropods  which  possess 
naked  muscular  mantle,  we  find  a  pallial  ganglion  associated  with 
pedial  one,  as  in  the  Aplt/xia,     The  cephalic  ganglions  assume 
character  of  optic  lobes  concurrently  with  the  constancy  and  bctti 
development  of  tbe  eyes ;  even  when  tbe  organs  of  vision  are  moi 
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than  usually  minute  or  wanting,  these  ganglions  are  always  larger 
than  in  the  Acephala,  and  more  decidedly  superior  in  position :  they 
supply  the  acoustic  vesicles  in  many  Gastropods.  When  separate," 
they  are  united  by  a  thicker  communicating  chord,  and  are  larger  in 
proportion  to  the  nerves  given  off  from  them.  With  the  cephalic 
ganglions,  likewise,  we  find  connected  the  labial  and  pharyngeal 
ganglions.  The  anterior  of  the  aggregated  ganglions,  which  form 
the  sub-ocsophageal  mass  in  most  Gastropods,  are  in  immediate  con- 
nection with  the  acoustic  vesicles  in  Pleurobranchcea  and  PaludinOy 
as  in  Clio  and  some  other  Pteropods.  The  functions  of  the  other 
ganglions  of  the  body  seem  to  be  limited  to  the  automatic  reception 
and  reflection  of  stimuli. 

Soft,  lubricated,  and  irritable  as  is  the  skin  of  the  naked 
MoUusks,  there  are  not  wanting  reasons  for  supposing  it  to  be 
possessed  of  a  very  low  degree  of  true  sensibility.  Baron  F^russac, 
for  example,  states  that  he  has  seen  the  terrestrial  Gastropods,  or 
slugs,  allow  their  skins  to  be  eaten  by  others,  and,  in  spite  of  large 
wounds  thus  produced,  show  no  sign  of  pain. 

The  vascular  inferior  surface  of  the  foot  may,  perhaps,  take  cog- 
nisance of  the  character  of  the  surface  over  which  it  glides ;  but  the 
special  organs  of  the  tactile  sense  are  the  tentacula  or  horns  which 
project  from  the  lateral  and  upper  parts  of  the  head.  These  are 
wanting  in  a  few  Gastropods,  hence  called  Akera :  they  are  some- 
times two,  and  never  exceed  four,  in  number  in  the  present  class. 
In  the  snails  and  slugs  they  can  be  retracted  by  an  act  of  inversion. 
The  mechanism  by  which  this  is  effected  will  be  understood  by  re- 
ferring to^^.  201.,  which  exhibits  the  tentacles  in  different  states  of 
protrusion.  Each  tentacle  (6,  c,  dy)  is  here  ^een  to  be  a  hollow  tube, 
the  walls  of  which  are  composed  of  circular  bands  of  muscle,  and 
capable  of  being  inverted  like  the  finger  of  a  glove.  From  the 
common  retractor  muscles  of  the  foot  four  long  muscular  slips  are 
detached,  one  (g)  for  each  horn ;  these  run  in  company  with  the 
nerve  (/)  to  each  tentacle,  passing  within  its  tube,  when  protruded, 
quite  to  the  extremity.  The  contraction  of  this  muscle  dragging  the 
apex  of  the  organ  inwards,  as  seen  at  c,  inverts  it,  whilst  its  pro- 
trusion is  effected  by  the  alternate  contractions  of  the  circular  bands 
of  muscle  of  which  the  walls  of  each  tentacle  are  composed.  There 
is,  however,  another  peculiarity  rendered  necessary  by  this  singular 
mechanism,  by  which  the  nerves  supplying  the  sense  of  touch  may 
be  enabled  to  accommodate  themselves  to  such  sudden  and  extensive 
changes  of  position ;  for  this  purpose  the  nerves  supplying  these 
organs  are  of  great  length,  reaching  with  facility  to  the  end  of  the 
tubes  when  protruded,  and  in  their  retracted  state  the  nerves  are 
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seen  folded   up  within  the  bodj.     In  the  figure  a  a  iodicfttea 
origins  of  the  retractor  mascles  of  the  foot  from  the  columella;  &,  tti 
right  superior  tentacle  fully  protruded  ;  <?,  the  left  superior  tentacle 
partially  retracted  ;  d,  the  left  inferior  tentacle  extended,  and  o,  thd 
right  inferior  tentacle  fully  retracted  and  concealed  within  the  hodyj 
y,  the  nerve  supplying  the  superior  tentacle  elongated  by  its  exten 
sion ;  p^  the  retractor  muscle  of  the  same  tentacle  arising  from 
common  retractor  muscle  of  the  foot,  and  inserted  into  the  cxtretnilji 
of  the  tube;  h,  the  nerve  of  the  opposite  side  tlurown  into  foldj ; 
the  retractor  muscle  of  the  same  tentacle  contracted  ;  k^  the  upertur 
through  which  the  nerve  and  retractor  muscle  enter  the  tcntmcle  di 
L  the  brain  ;  jn,  the  sub-cssopbageal  ganglion ;  n^  the  eye.      In  thi 
Ct/clostomidoi  the  tentacles  are  contractile,  but  not  invertible. 

The  anterior  is  the  normal  or  constant  pair  of  tentacles  ;  the 
terior  pair,  which  supports  the  eyes  in  the  snail,  is  reduced  to  Vni 
short  processes,  which  extend  from  behind  the  basis  of  the  antcrio 
tentacula  in  the  Turhoy  and  which  form  slight  projections  from 
outer  side  of  the  base  of  those  tentacula  themselves  in  the  PafmUna] 
{Jig.  204/),  and  in  most  Peotinibranchiata.    In  the  Aplysia,  bowevcrJ 
which  has  four  tentacula,  the  ocelli  are  sessile,  and  situated  in  ad^ 
Tance  of  the  bases  of  the  posterior  pair. 

The  eyes  never  exceed  two  in  number  in  the  Gastropods :  the 
are  always  yerj  small  in  comparison  with  the  bulk  of  the  body ;  thej 
present  their  largest  relative  size  in  the  Pectinibranchiata.     In  iba| 
preparation*  from  a  large  species  of  Murex,  there  may  be  readilj 
discerned  the  sclerotic  tunic  with  its  anterior  orifice,  the  expanstoa 
of  the  optic  nerve  posteriorly  between  the  fibrous  and  the  pigmental 
tunic,  and  the  large  spherical  crystalline  lens,  covered  anteriorly  bj 
the  transparent  corneal  integument;  between  which  and  the  len^ 
there  is  a  very  small  interspace  for  the  aqueous  humour  and  thi 
pupillary  circular  opening  left  by  the  pigmental  layer  or  choroid 
M.  Lespi^s  has  summed  up  the  results   of  an    extensive    series 
researches  on  the  eyes  of  the  Gastropods,  by  the  following  definitio 
of  the  leading  types  of  their  structure  :^ — a  lenticular  crystalline  lensj 
the  vitreous  humour  fluid,  non-adherent  {//r/A.r) :  a  lenticular  crys 
talline  body ;  the  vitreous  humour  thick  and  united  to  the  lens  :  the 
crystalline  lens   thick  and  slightly  convex ;  the  vitreous   humour 
viscous  and  slightly  adhering  thereto. 

The  existence  of  the  sense  of  hearing  in  the  Gastropods  was 
inferred  by  Dr.  Grant,  long  before  the  organ  was  detected:  he  justly 
concluded  that  the  sounds  emitted  by  the  Trtionia  arboresetns  under 
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water,  were  doubtless  intended  to  be  heard  by  others  of  the  same 
species.  The  very  general  existence  of  an  acoustic  apparatus  under 
its  most  simple  conditions,  in  the  lower  Mollusks,  has  been  established 
by  the  discoveries  of  Siebold.  It  consists  of  two  round  vesicles, 
containing  fluid  and  crystalline  or  elliptical  calcareous  particles,  or 
otolites,  remarkable  for  their  oscillatory  action  in  the  living  or 
recently  killed  animals.  In  the  Limntsus  (Jig.  202.),  the  acoustic 
cells  adhere  to  the  posterior  part  of  the  202 

anterior  ganglions  of  the  great  sub-ceso- 
phageal  mass  {a  a)i  e  \s  the  capsule ;  / 
the  otolites.  They  held  a  similar  position 
in  the  snail  and  slug,  in  which  the  num- 
ber of  otolites  ranges  from  eighty  to  above 
a  hundred.  The  acoustic  sacs  are  easily 
recognised  by  submitting  the  head  of  the 
smaller  species  of  Gkistropod,  or  of  the 
young  of  the  larger  species,  to  a  gentle 
compression  under  the  microscope.     The  LUnnwii  itagnaui. 

movements  of  the  otolites^  due  to  the  action  of  vibratile  cilia,  is 
truly,  as  Siebold  remarks,  ''  a  wonderful  spectacle.*' 

From  the  analogy  of  the  soft  mucous  skin  of  the  Gastropods  to 
the  pituitary  membrane  of  the  nose,  Cuvier  was  led  to  conjecture 
that  it  might  be  the  seat  of  the  sense  of  smell  *,  but  the  analogy  seems 
to  be  too  vague  to  render  so  general  a  diffusion  of  the  nerves  of  a 
special  sense  very  probable.  That  the  sense  is  possessed  by  these 
Mollusca,  is  determined  by  the  evidence  which  snails  afford  of  scent- 
ing their  food:  the  structure  which  best  suggests  the  olfactory 
function  is  that  which  the  two  conical  tentacles  present  in  Dorisy 
Tritoniay  and  ScylUsa,  The  confluent  tentacles  forming  the  cephalic 
lobe  in  the  BullicUs  may  have  the  same  function.*  It  is  remarkable 
that  the  laminated  dorsal  tentacles  of  the  Nudibranchs,  which  seem 
never  to  be  used  as  organs  of  touch,  are  supplied  with  nerves  from 
the  fore  part  of  the  super-oesophageal  ganglions. 

The  tongue  is,  in  almost  all  the  Gastropods,  a  mechanical  organ 
for  the  attrition  of  the  food :  its  complex  horny  unciuated  armature 
seems  to  unfit  it  for  the  delicate  office  of  appreciating  the  sapid 
qualities  of  nutritive  substances ;  but  some  sense  of  taste  may  be 
exercised  by  the  soft  membranes  of  the  pharynx. 

The  Gastropods  are  organised  to  subsist  on  a  great  variety  of 
food:  they  select  both  animal  and  vegetable  matter  in  both  their 
living  and  decomposing  states.    The  damage  which  the  common  slug 
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and  ami  do,  by  deTourtng  tbe  pn>duce  of  the  girdeo,  U  U»  1 
koown:  the  wbcJk  preys  upon  its  caugcioeani^  nor  do  tbeir  eUl 
shells  deCaiid  tbeoi  CrtMn  ita  atucka. 

ThA  momih  b  always  anterior,  and  ta  bounded  bj  HeahjeoBCnM 
lipa.  Tbeae  are  developedy  in  HaHotu^  into  a  pair  of  kbial  proeeM 
it  la  likewise  generally  anued  witlt  horny  pbuMi  treaekaiit  or  ipil 
^apoaed  either  as  jaw9»  or  covering  the  too^ew  Tlie  opper  li|i 
the  snail  is  armed  with  a  crescentic  dentatod  honij  jaw,  wUoh 
opposed  by  the  bifid  soft  lip  below.  In  tbe  Trttonia,  a  citn 
trenchant  horny  plate  works  vertically  upon  another  of  similar  fo^ 
and  with  these>  as  with  a  pair  of  curved  sdseors^  thla  li 
anlnial  crops  the  tough  sea*weed  which  oonstltutefl  it§  food.  Cerl 
fresh-water  Gastropods,  as  Limnmui  and  IHanorhU^  corabine 
lateral  homy  jaws  with  a  superior  dentated  labial  plate.  Tbe 
rmaps  marine  plants  with  a  narrow  horny  plate  or  ribband  beael  m 
numerous  (160)  rows  of  minute  recurved  hooka  (supported  by 
tongue^  ^^.  203.  a)*,  which  armature  extends  beyond  the  moatfa, 
is  longer  than  the  entire  body. 
The  apparatus  is  supported 
by  two  firm  parts  (^»  h\  from 
which  arise  the  muscles  (a,  a) 
titat  work  the  rasp.  A  mag* 
Hilled  view  of  the  arrange^ 
fiie&t  of  the  lingual  teeth  ia 
given  at  b.  These  teeth  are 
amber*cobured,  transparent, 
inaduble  In  acid :  plaitily 
ailictous  in  the  limpet  and  most  other  Gastropods.  It  ia  only 
the  fore  part  of  the  tongue  {d)  that  these  teeth  have  tbe  requiai 
hardness :  when  worn  down  the  part  supporting  them  goes^  aiul 
waste  is  supplied  by  the  progressive  growth,  with  ooooomil 
hardening,  of  tbe  lingual  plate  (c)  belli nd»  The  soft  reserve  |Kirtj 
of  the  spiny  tongue  is  found  folded  sub-Eptrally  beneath  th*^  v 
of  the  Limpet. 

The  whetk  is  provided  with  a  more  complicated  instrument  in  1 
shape  of  a  proboscis,  susceptible  of  considerable  elongation,  or 
being  entirely  concealed  within  the  interior  of  tlie  body.     Its  < 
treraity  is  vertically  cleft,  the  divisions  or  lips  having  their  inn 
surface  beset  with  recurved  spines.     In  the  interior  of  the  musculi 
cylinder,  there  is  a  tongue  armed  by  an  uncinated  ribband,  as  in 
Limpets,  but  of  much  less  length  :  it  is  stretched  upon  two  elongate 
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cartilages,  which  can  recede  from  or  approximate  each  other,  or  he 
moved  together  to  and  fro,  hy  special  muscles :  by  these  movements 
the  spines  can  be  made  to  scrape  with  force,  the  action  being 
like  that  of  a  convex  saw  against  any  opposed  surface ;  and  it  is  by 
the  repetition  of  such  movements,  aided,  perhaps,  as  Cuvier  conjec- 
tures, by  a  solvent  property  of  the  saliva,  that  the  whelk  effects 
the  perforations  in  the  hard  shells  of  other  moUusca,  upon  the  soft 
parts  of  which  it  preys.  In  many  other  Pectinibranchs  the  mouth 
has  the  form  of  a  retractile  proboscis  (Ci^fprcea,  Murexy  VolutOy 
PaltuHnOy  fig.  204.  p).  In  JDom,  and  most  other  Nudibranchs,  the 
tongue  is  beset  with  the  siliceous  spinea.  Excellent  descriptions 
and  figures  of  the  lingual  dentition  in  the  present  class  will  be 
found  in  CCCLVm.  and  CCCLIX. 

The  salivary  glands  present  different  forms  and  degrees  of  develop- 
ment in  different  Gastropods,  bearing  the  ordinary  relations  to  the 
construction  of  the  mouth  and  the  nature  of  the  food.  They  are 
usually  two  in  number :  their  ducts,  which  are  lined  by  a  ciliated 
epithelium,  open  into  the  oral  cavity  on  each  side  of  the  tongue.  In 
the  CalyptrcBa  J  found  the  salivary  glands  represented  by  two  simple 
elongated  secreting  tubes:  they  also  present  the  tubular  form  in 
Aplasia,  Thetysy  and  many  Nudibranchs.  In  the  whelk  they  present 
a  conglomerate  structure,  are  situated  on  each  side  of  the  oesophagus, 
at  the  base  of  the  proboscis,  along  which  they  transmit  theis  slender 
ducts  to  terminate  on  each  side  the  anterior  spines  of  the  tongue.  In 
the  Paludina  vivipara  (fig.  204.)  the  salivary  glands  are  shown  at 
v:  their  structure  consists  of  ramose  cssca.  In  the  vtgetable- 
feeding  slugs  and  snails,  the  salivary  glands  are  largely  developed 
(fig.  207  a.) :  they  expand  upon  the  sides  of  the  stomach,  partially 
blend  with  each  other  and  encompass  that  cavity,  sending  their  long 
ducts,  a,  forwards  to  the  mouth,  and  are  readily  distinguishable  by 
their  whitish  colour*  In  many  proboscidian  pectinibranchs  the  sali- 
vary glands  are  placed  in  the  abdomen,  and  have  long  and  tortuous 
ducts,  adapted  to  follow  the  movements  of  the  dentated  proboscis, 
near  the  anterior  end  of  which  they  terminate.  In  a  few  Grastropods, 
c.  g.,  Janthina,  Actaon,  AtalantUy  there  are  two  pairs  of  salivary 
glands. 

A  common  type  of  the  divisions  and  disposition  of  the  digestive 
canal  in  the  Gastropods  is  exhibited  in  the  common  river-snail  {Palu- 
dina vivipara^  fig,  204.)  The  oesophagus  q  is  long  and  slightly  convo- 
luted ;  (f  is  the  last  bend  which  the  tube  makes  before  expanding  into 
the  stomach,  r ;  s,  s'  show  the  folds  of  the  intestine  in  the  substance 
of  the  liver  and  ovary ;  it  penetrates  the  branchial  chamber  at  ^',  in 
which  the  rectum,  ty  is  seen  passing  along  the  base  of  the  pectinated  gills, 
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fff,  to  terminate  at  i,  close  to  the  niargio  of  the  ronntle./;  wbicli 
tfie  branchial  ai)erture.    The  letter  a  indicates  the  foot  in  ita  sUt^j 
contraction,  when  its  inTexior  or  ambulatory  surface  is  bent  trmn^ 
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Fuludiiu  vlf  tpu-a. 

Tersely  apon  itself :  b  shows  tlie  operculum  attached  to  the  poste 
part  of  *tho  foot:  c  are  the  tentacula  with  the  attached  ocelli  :  ^  tii 
the  small  siphon  which  projects  below  the  right  tentacle :  it  is 
heart,  which  consists,  as  in  almost  all  Oastropods,  of  a  single  aaric 
and  ventricle ;  /*  is  the  long  and  wide  oviduct,  which  iierformd  ihi 
office  of  the  uterus  in  this  ovoyiviparous  species :  I  is  tlie  duct  of  a 
mucous  or  renal  organ  attached  to  the  walls  of  the  branchial  ca%4ty,* 

The  disposition  of  the  viscera  of  other  Gastropoda  offers  few  i 
portant  deviations  from  that  in  the  Palndina  vivipara  ;  but  some 
the  peculiarities  in  the  structure  of  certain  organs  deserve  spccia 
mention. 

The  cBsophagus  is  comparatively  short  in  Helix  (jfig*  207*  €*\  luwl ' 
shorter  in  Tketu  and  HaUoHn,  _ 

In  a  few  Gastropods,  the  pond-snails  (Lymmpa,  Planarhis\  faH 
example,  the  oesophagus  presents  a  small  ingluvial  dilatation  :  in 
whelk  {Buccinum)  a  crop-like  cascum  is  developed  from  the  cartlin 
end  of  the  stomach.    The  gastric  crop  is  wider  in  Apfysia^  in  which  tluj 
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Stomach  of  Aplysla. 


coats  of  the  second  stomach,  or'gizzard  {fig.  205.),  arc  thickened,  and 
the  interior  callous  lining  is  beset  with  firm  horny  processes,  sonie  in 
the  form  of  hooks  or  canine  teeth,  others  in  that  of  rhomboidal  plates 
or  molar  teeth.    These  complexi-  ^q. 

ties  relate  to  the  low  organised  cha- 
racter of  the  food  of  the  Aplysice: 
the  sea-weed  on  which  these  Mol- 
lusks  subsist,  after  coarse  masti- 
cation and  commixture  with  the 
salivary  secretions,  is  macerated  in 
the  crop,  conveyed  to  the  stomach, 
there  pierced  by  the  gastric  spines, 
percolated  by  the  solvent  juices, 
and  pounded  by  the  homy  plates. 
The  chyme  is  then  mixed  in  the 
duodenum  (a)  with  the  hepatic 
secretion,  and  with  the  fluid,  pro- 
bably analogous  to  pancreatic 
juice,  which  is  secreted  by  a  single  long  blind  glandular  sac  {b), 
communicating  with  the  beginning  of  the  intestine.  A  similar  simple 
form  of  pancreas  is  present  in  some  species  of  Doris,  and  other  fuci- 
vorous  genera  of  Gastropods,  as  Tritania  and  Scyllcecty  which  like- 
wise have  horny  gastric  teeth.  In  X\lq  BuUcca  aperta*,  in  which 
the  tongue  is  not  armed  with  teeth,  the  stomach  is  surrounded  with 
three  large  horny  plates,  concave  externally  and  convex  towards  the 
cavity.  In  the  Bulla  lignaria\  the  gastric  triturating  plates  are 
calcareous :  two  of  these  plates  present  an  irregular  triangular  form, 
with  the  angles  rounded  ofl^,  slightly  concave  externally,  and  convex 
towards  the  gastric  cavity :  they  are  united  together  by  strong  trans- 
verso  muscular  fibres  attached  to  their  circumference,  except  at  the 
upper  part  of  the  gizzard,  where  a  third  valve  of  an  oblong  form  is 
interposed  between  the  two  lateral  ones.  The  imposition  of  the 
name  Gioenia  upon  the  large  gastric  plates  of  the  Bulla,  as  the 
valves  of  a  new  bivalve  shell,  which  was  sold,  whilst  the  deception 
lasted,  at  fabulous  prices,  will  not  soon  be  forgotten  by  conchologists. 
In  regard  to  the  number  of  cavities,  the  most  complex  stomachs 
in  the  Gastropoda  are  those  of  Onchidium,  which  has  three  longi- 
tudinally plicated  gastric  .compartments,  and  of  Pleurobranchus,  in 
which  they  resemble  those  in  the  Ruminants.  The  first  stomach 
(y?V/.  206.a),  which  is  membranous,  receives  the  bile  by  a  large  orifice 
{b)  placed  near  its  communication  with  the  second  digestive  cavity 
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(r),  wbicli  Id  smatler  and  more  miueitlAr ;  to  thk  aoeoeeda  m  \ 
the  snlcB  of  which  are  gathered  Into  broad  longtHidijiml 
lamellae,  precidcl/  similar  to  those  of  a  raminmnt;  and 
to  render  the  analogy  »tiU  more  {lerfeot,  a  groove  la 
found  running  along  the  walla  of  the  second  oarity 
from  one  orifice  to  the  other»  apparently  duheerriefil 
to  rumination.  The  fourth  stomach  (e)  it  thin,  ao4 
ita  walls  smooth.  Thia  animal  fceda  on  Alcyonia  and 
amall  Zoophytes.* 

The  intestine^  after  performing  a  few  convolutions 
in  the  substance  of  the  Uver  and  generatire  gland, 
always  more  numerous,  and  of  greater  width  in  the 
herbivorous  than  in  the  carnivorous  Gastropoda,  ter- 
minates, with  a  few  exceptions,  at  or  near  the  entry 
of  the  respiratory  cavity  on  the  right  side  of  the 
body.  The  anus  has  a  median  position  in  the  Doris 
and  Tcstacdla^  and  terminates  on  the  left  side  of  the 
body  in  the  Planorbis. 

In  the  ApneuMia  the  alimentary  canal  departs  90 
widely  from  the  ordinary  gafltroj>odous  type,  as  to 
have  led  some  anatomists  to  regard  it  as  a  ground  for 
their  separation  from  the  claa8.t    Cncal  appendages 
extend  from  the  Momach,  which,  in  most,  are  ramified, 
and  in  some  ( Rolisy  Tergipes^  Zephyrina)  are  continued  into  tJie  dor 
appeudiigeH.}     But  in  all  there  is  a  reetum,  terminating  by  a  ve 
whith  usually  opens  on  the  right  side  of  the  fore  part  of  the  bo4| 
The  biliary  accreting  cells,  in  these  little  Gastropods,  arc  deve 
in  the  walls  of  the  gastric  caeca,  most  abundantly  at  tlieir  bfind 
ends.§ 

In  the  other  orders  of  Gastropods  the  liver  is  a  distinct 
usually  bulky  gland,  subdivided  into  numerous  lobules  of  a  yellowish 
broTi^^n  or  brownish -green  colour ;  so  disposed  as  more  or  less  to  en-j 
velope  the  Intestinal  convolutions  (^gs,  204.  207.  A,  h),  Ita  secret 
is  derived  from  arterial  blood,  and  is  usually  poured  by  one  or  t? 
dacts  into  the  commencement  of  the  ititestine.  It  is  carried,  hon 
ever,  into  tlie  storaaeh,  near  tlie  pyloric  orifice  in  Limax^  HeliXj 
Tcstaceiia^  Doridium ;  and  even  into  the  oesophagus,  in  OnchiiUum^ 
by  two  of  its  ducts,  the  third  opening  into  the  first  stomach.  The 
IluliotU  not  only  resembles  the  Palliobranchiata  in  the  perforation  of 
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the  stomach  by  the  bile-ducts,  but  likewise  in  the  perforation  of  the 
ventricle  of  the  heart  by  the  rectum,  and  in  the  division  of  the 
auricle  into  two  cavities. 

The  blood  of  the  Gastropods  is  often  opalescent,  with  a  few  colour- 
less corpuscles  or  cells,  having  an  indistinct  granular  nucleus. 

The  auricle  is  divided  in  FissureUa  and  Chiton  as  in  Haliotis* 
Both  auricles,  however,  equally  receive  the  oxygenated  blood  from 
the  respiratory  organ,  as  does  the  single  auricle  (Jig.  207.,  o)  in  all 
the  other  Gastropods.  The  ventricle  (ib. /?)  propels  the  blood  to 
the  viscera  and  muscular  system  of  the  body,  and  the  heart  is  thus 
systemic,  co-ordinately  with  the  condition  of  the  muscular  system 
and  the  general  endowments  of  the  animal.*  The  heart  is  situated  on 
the  right  side  of  the  back  in  the  Pulmonatay  most  TectibranchicUa^ 
and  the  dextral  PecHnibranchiaia :  it  is  on  the  opposite  side  in 
Ancylus^  Haliotisy  and  the  sinistral  Giistropods :  it  is  to  the  left  of  the 
dorsal  median  line  in  Carinaria ;  and  near  the  hinder  end  of  the 
body  in  Firola  and  Atlanta.  The  heart  has  a  distinct  pericardium 
in  all  Gastropods  save  the  Apneusta,  where  it  is  not  clearly  defined. 
The  aorta,  continued  from  the  apex  of  the  ventricle,  divides  into 
two  principal  branches  in  most  of  the  Gtistropods.  The  auriculo- 
ventricular  aperture  is  usually  defended  by  two  semilunar  folds. 
The  aorta,  at  its  commencement,  is  frequently  strengthened  and  en- 
larged by  a  muscular  layer,  similar  to  the  bulbus  arteriosus  in  fishes, 
and  which,  in  the  Aplysia,  is  continued  beyond  the  origins  of  the 
primary  branches  of  the  aorta.  The  ramifications  of  the  aorta,  as  in 
Crustaceans  and  Insects,  are  sooner  or  later  lost  in  veins  which 
expand  to  form  sinuses,  occupying  the  lacuna9  of  the  viscera  and  other 
organs  of  the  body.|  The  anterior  aorta  terminates,  e.  ^.,  in  PateUa^ 
Triton,  HaHotis,  in  a  large  lacunar  sinus  containing  the  brain,  the 
salivary  glands,  the  oesophagus  and  retracted  tongue.  The  resump- 
tion of  the  normal  vascular  character  by  the  venous  system  is  more 
or  less  sudden :  and  is  best  exemplified  near  the  respiratory  organ 
upon  which  such  venous  trunk  ramifies,  like  an  artery,  without  any 
interposed  branchial  or  pulmonic  heart.  The  large  vense  cavas  of  the 
Aplysia,  e.g,^  are  perforated  by  minute  apertures,  communicating 
with  the  great  sinus  that  lines  the  cavity  of  the  abdomen  ;  and  the 
exterior  of  those  veins  is  provided  with  decussating  muscular  fibres, 
which  probably  regulate  the  diameter  of  such  communications.  The 
diffused  condition  of  the  vascular  system  most  prevails  in  those  Gas- 
tropods in  which  the  respiratory  organs  are  least  developed,  e.g.y 
the  Apneusta.     In  the  rest  of  the  class  the  general  modifications  of ' 
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the  KififUmy  Offaas  Sfe  ImKclrf  bf  dio  dnrBCterv  of  the 
■lre»ljf  ^efiftei.    In  tlie  toiealrial  Gssfropodi  llio  farailhiiig 
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ied,MiiitlicldghgAtteHMi»t  Ihgy  ige  peBrtfcnn  in  tha  1  

pecOnated  In  all  tke  dkneiavn  6«fltnP|M)d8  ify,  SCH.^X  as  tlie  Doai*^ 
dT  tteir  arder  in^calet:  ia  Amm  thcj  never  excaed  twD  lii  oomlii^f 
wlriab  are  of  aaaqaal  aia^  aad  iim  bram^nal  dbnnlier  is  luaallj  pro- 
loagad  into  a  nplioa.  b  a  few  genera  of  ampbiUcMta  Gaatrofioda  a 
pnhnaoaij  aae  ti  oombiaad  with  branchial  Ofgaaa.  The  braiidnil 
Mr&ca  y  cil&alad  ta  aU  the  Gaatropodi,  as  UaLso  the  exterior  smfjtg^ 
af  the  bod  J  In  the  amdl  fraahwaler  «|ied«a. 

Am  m  oompcPMrtioa  fcr  Iha  abagata  of  gilhi  aoma  Apmmuia  {Aeie^om^ 
€•§.%  hava  an  aqaifarooa  a3r6laa^  cooaisling  of  a  reoervotr,  1 
walar,  bdund  tha  heart,  froca  whieh  braaehed  caaala  pa^  off"  I 
diftctiona,  one  of  which*  aecarding  to  VogI,  opana  on  the  rig  hi  aid 
behind  th<  Tent*     ConapiailOQa  aquiferona  pares  arc  sitoaf 
etntTB  of  the  foot,  ia  C^^rMna,  Gmu$^  and  AnciUarkL,  and  tit 
gin  in  HaiiciUf  Darit^  and  Api^a.    Delia  Chliga  *  has  d^serib 
a  timtlar  $yBiem  in  manjr  of  the  higher  organised  Gastropoda, 

Besides  the  iarge  and  well  dereloped  hepatic  and  'soltrary  f  land 
which  are  associated  with  the  alimeQtarjr  canal,  we  have  seen  that  fCP 
tain  focivorous  Gastropods  present  the  simplest  rudimentid  coudilio 
of  the  pancreas*     Tlie  sitQation  of  tbe  foUicuIar  arinary  gland  and  i 
its  excretoiy  doct  has  alreadj  been  pointed  out  in  the  Paiu 
mripara :  in  some  specied  the  duct  dilates  to  form  a  small 
taelcf    A  gronp  of  folUcalar  glands,  sometimes  imbedded  in  a  distiac< 
glandular  sac«  is  preseot  in  manj  species  for  the  elimination  of 
peculiar  and  characteristic  colour  ;  tbe  yellow  liquid  of  the  BuU^A 
and  the  famous  purple  secretion  of  the  Purpurtt,  are  products  < 
saccular  modifications   of  tltis   follicular  gland,   which    is    situs 
between  tbe  heart  and  liver.     Numerous  simple  and  scattered  folli 
cular  glands  labricate  tbe  mantle  with  its  cbaractcrii^tir  mucus  tn  all 
the  Gastropods.     In  several  terrestrial  species,  tbe  median  line  of  the 
foot  is  occupied  by  a  straight  canal,  lined  with  ciliated  epithLdiQ 
wTiicb  ends  in  a  large  orifice  beneath  tbe  mouth.     On  each  side  o| 
this  canal  are  rows  of  follicles  which  secret  a  granular  mucus.| 
foUtcIe  excreting  a  similar  mucus  opens  on  the  extremity  of 
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dorsal  or  lateral  lobe  in  the  Apneusta  with  those  appendages.  Some 
peculiar  scent-follicles  must  exist  in  the  garlick  snail  (JBelix  alliaria)  • 
A  species  of  slug,  called  phosphoraxj  is  slightly  luminous. 

Grastropods  have  the  power  of  repairing  injuries  and  of  reproducing 
lost  parts  to  a  considerable  extent.  New  tentacula  soon  grow  to 
replace  those  which  may  have  been  amputated.  When  they  support 
eyes,  as  in  the  snail,  the  organs  of  vision  are  also  reproduced :  the 
mouth,  with  the  horny  jaw,  has  grown  again  in  this  Gastropod ;  and 
when  the  snail  has  been  decapitated,  but  with  the  oesophageal  gang- 
lions left  behind,  the  head  has  been  restored. 

The  general  conditions  of  the  sexual  system  have  been  already 
briefly  defined.  The  complexity  and  bulk  of  the  combined  organs  in 
the  common  slug  and  snail  are  truly  extraordinary.  The  essential 
organs,  testis  and  ovarium,  are  associated  together  in  the  form  of  a 
small,  compact  gland  {fig.  207,  9)*>  composed  of  many  parallel  caeca, 
imbedded  in  the  substance  of  the  liver,  and  occupying,  in  the  snail, 
the  apex  of  the  sheU.  Each  caecum  consists  of  an  external  layer, 
producing  ova,  and  an  internal  sac,  folded  in  the  first,  producing 
semen.-j*  The  walls  of  these  invaginated  sacs  are  usually  in  contact, 
but  become  separated  at  the  points,  where  the  ova  push  the  ovarian 
sac  outwards,  and  the  sperm-cells  the  testicular  one  inwards.  The 
common  ducts  from  these  series  of  combined  sacs  are  also  invaginated, 
the  oviduct  being  external,  the  sperm- duct  internal,  and  usually  un- 
dulated. The  testicular  caeca  and  sperm-duct  are  lined  with  ciliated 
epithelium  :  this  is  not  present  in  the  ovarian  sacs. 

Both  invaginated  tubes  (r)  enter  the  albuminiparous  sac  {s\  and 
separate  where  they  quit  that  part :  there  is  a  dilatation  or  sperm- 
reservoir,  where  the  sperm-duct  quits  the  base  of  the  albuminiparous 
sac,  and  this  latter  may  be  regarded  as  a  more  special  dilatation  of  the 
oviduct,  with  follicular  walls.  The  sperm-duct,  enlarged  and  with 
more  glandular  walls  {t\  now  proceeds  with  many  short  folds  parallel 
with  the  uterus  to  the  base  of  the  penis.  This  is  a  long  and  slender 
organ  (v),  usually  retracted  and  concealed  within  the  visceral  cavity, 
but,  like  the  finger  of  a  glove,  capable  of  being  everted  and  protruded 
externally.  The  so-called  "  uterus  "  («)  is  a  long  canal,  with  trans- 
versely plicated  glandular  walls,  terminated  by  a  vagina  opening  into 
the  common  genital  vestibule,  the  external  orifice  of  which  is  near 
the  mouth  of  the  respiratory  sac,  on  the  right  side  of  the  head. 
With  the  vagina  there  communicates  the  duct  {^)  of  a  small  pyriform 
vesicle  (z),  which  is  a  sperm-reservoir,  for  the  fecundating  element  of 
another  individual  received  in  coitu.     A  small  caecum  is  developed 
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from  tUe  duct  in  Hdix  pomatia^  and  a  very  long  one  in  HeUx 
iarum:  the  duct  is  ehort  sind  simple  in  the  slog  (Limajr), 
genital  vestibule  receives  the  terminal  outlets  of  two  groups 
branched  ciecft  (r,  r),  or  **mnltifid  vesicles,"  the  function  of  whick  is 
unknown.  But  the  complexity  of  the  generative  apparataa  does  not 
end  here  :  the  snail  is  provided  with  a  pyriform  muscular  sac  (y),  the 
aperture  of  which  tenninates  close  to  the  generative  outlet.  The 
expanded  base  or  head  of  a  slender  conical  calcareous  style  or  dail 
(&,  in  the  detached  figure)  is  attached  to  the  fundus  of  the  sac  («)• 
ita  sharp  apex  (c)  extends  close  to  the  orifice^  and  by  the  contracUoo 
of  the  sac  it  can  be  protruded  outwards.  With  it  the  snailB  pierce 
each  other's  akin,  and  the  function  of  this  curious  organ  would 
to  he  to  cause  a  preliminarj  excitement  to  the  reciprocal  union  of  the 
two  androgynous  individuals. 
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The  modifications  of  the  parts  of  the  complex  combinod  organs  of 
the  androgynous  Gastropoda  are  manifold.  In  regard  to  their  ulti- 
tnate  terminations  or  outlctsi,  a  common  genital  oriHco  ia  found  in 
Doris,  Tritoniay  Thetis^  Bt/limus,  Clau^Uia^  and  Limai\  as  in  tho 
above  described  Helix*  In  Flanorbis  and  Pht/sa  the  male  and  female 
orifices  are  situated  side  by  side ;  the  male  in  frout,  on  the  luft  side 
of  the  neck,  behind  the  tentpcle.  In  Bulla,  BulUea,  and  Aplt^sia^ 
the  male  orifice  is  under  the  right  tentacle^  the  female  one  much 
further  back.  In  Doridium  the  male  orifice  is  beneath  the  left  ten- 
tacle ;  the  female  one  on  the  same  side,  but  near  the  opposite  end  of 
tho  body.  In  Onchidium  the  female  onBce  is  situated  close  to  the 
anus  at  the  posterior  end  of  the  body ;  tho  male  orifice  is  beneath  the 
right  tentacle.  In  all  cases  where  the  male  and  female  organs  are 
separate,  a  furrow  may  be  traced  from  one  to  the  other  ;  the  penis, 
when  everted,  projects  from  the  male  orifice. 

The  ditBcious  Gastropods  form  two  sections,  in  one  of  which  the 
copulatory  organs  are  wanting,  in  the  other  highly  developed.  The 
non-copulaots  include  the  Ctfclobranchiatu  and  Scuiibranehiata  g 
the  other  section  comprises  the  operculated  Puimonata,  the  Heter&*' 
and  the  Prcdnibranchiaia,  In  these  the  intromittent  organ  is 
sually  of  extraordinary  length  :  it  is  grooved  in  moflt,  perforated  in 
.  few  ;  capable  of  retraction  in  the  PahHiina^  but  doubled  back  upon 
^the  outside  of  the  mantle  when  drawn  into  the  shell  by  tho  Buccinum 
and  SlrombuM.    In  the  Carinuria  it  is  bifid. 

The  iuternal  organs  of  the  male  whelk,  represented  in  the  annexed 
jure,  consist  simply  of  a  testis 
and  sperm-duct.  The  testis  (a)  is 
of  considerable  sise,  sharing  with 
the  liver  the  smaller  convolutions 
of  the  shell  ;  from  this  arises  the 
vas  deferonSi  which  forms  by  its 
convolutions  a  kind  of  epididymis 
{b\  and  then  increasing  in  dia- 
meter enters  the  root  of  tho  pcni«, 
through  which  it  passes  by  a  tor- 
tuous course  {d}  to  the  tubercle  at 
the  extremity  of  this  organ^  where 
it  opens  externally.  The  penis  » 
composed  of  strong  transverse  fas- 
ciculi of  muscle,  with  lacunai*  sinu- 
ses, which  together  cause  the  erec- 
tion of  this  organ :  the  muscles  will  at  the  same  time  lengthen  it^  and 
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straighten  the  sig'zag  turns  into  ivhidi  the  fna  defereos  is  thrown  i 
its  usual  relaxed  state. 

In  the  female  the  position  of  the  testicle  is  occupied  by  the  ovary, 
while  the  vaa  deferens  is  represented  bjr  a  thick  and  glandular 
OTiducU  There  is  no  rudiment  of  exciting  organ  (clitoris)  :  the  gr* 
nerative  aperture  is  situated  a  little  within  the  edge  of  the  bronchial 
canity,  and  is  a  simple  hole  leading  to  |ho  oviduct.* 

In  Murtx  the  penia  ia  proportionally  smaller  %  and^  tnstaid  of  a 
complete  vas  deferens,  penetrating  to  its  extremity^  tliere  ia  saerelya 
groove  along  its  surface,  along  which  the  semen  fiows.  In  Valuta 
the  exterior  groove  only  runs  to  the  base  of  tht  penis,  and  ia 
Stromhu^  the  male  organ  is  a  mere  tubercle* 

In  the  Pidmonalia  (fperctdata  the  organs  of  both  sexes  are  in  emy 
respect  similar  to  those  of  the  Pectini branchiate  order.  In  Paludma 
{Helix  vtvipara^  Lin.)  the  penis  is  closely  united  to  the  right  tentacle, 
and,  like  it»  is  retractile.  The  ovarium,  in  the  female,  is  shown  ia 
^fig.  2(14  by  its  lighter  colour,  combined  with  the  liver  and  ictcstint;, 
with  which  it  is  lodged  within  the  upper  whirls  of  the  shell,  ITie 
oviduct  (A)  is  susceptible  of  considerable  dilatation  at  the  breeding 
season,  the  young  being  developed  therein  :  it  terminates  j ust  within 
the  branchial  chamber. 

In  the  male  Limpet  the  testis  is  situated  beneath  the  liver ; 
duct  passes  forwards  and  terminates  near  the  vent  on  the  right  sid 
The  ovarium  and  oviduct  have  the  same  disposition  in  the  fema 
Tlie  Haliotia  differs  merely  in  having  the  genital  orifice  on  the  le 
side.    The  spermatozoa  in  the^e  non-copulant  Gastropods  have  a  lool*^ 
body  with  a  still  longer  filamentary  tail:  in  Paludina  the  body  has  a 
spiral  form,  as  is  the  case,  likewise,  with  the  shorter  body  *  f  *' 
spermatozoa  of  the  Helix  and  Limax,     In  the  sperm  of  Pal, 
there  have  also  been  observed  long  cylindrical  bodies,  from  one  ol' 
the  extremities  of  which  project  many  delicate  filaments  having  lively 
motions.     The  ovarian  ova  present  a  round  and  sometimes  elliptical 
form,  and  consist  of  a  finely  granular  and  variously  coloured  yolk^ 
containing  the  germinal  vesicle  and  nucleus*  and  inclosed  in  a  thla 
smooth  membrane.     Upon  this  is  laid  the  secretion  of  the  albumiai* 
parous  gland,  as  the  ova  traverse  that  cavity  in  the  Pitlmonaicj         " 
they  are  coated  and  often  connected  together  by  analogous  seci 
in  other  orders  of  Gastropods ;  fecundation  Imving  previously  taken 
place  in  the  oviduct  or  uterus. 

The  ova  of  the  marine  Gastropods  are  enveloped,  before  exclitsjoiiy 
in  mucous  capsules,  prepared  by  a  special  gland  situated  iic*r  tkt 
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termination  of  the  oviduct.  The  secretion  in  some  species  is  soft, 
flexible,  and  transparent ;  in  most  it  hardens  bj  contact  with  the  sea- 
water,  and  assumes  various  definite  and  characteristic  forms:  the 
nidus  is  sometimes  simple,  sometimes  compound,  but  each  compart- 
ment contains  many  ova  ;  and  the  development  of  the  embrjo  pro- 
ceeds in  the  nidamental  chamber  until  its  own  little  defensive  shell  is 
acquired.* 

In  the  terrestrial  Gttstropods  the  ova  are  usually  spherical  and 
opake,  and  separately  extruded.  Snails  and  slugs  oviposit  in  the 
earth.  The  tropical  BuUni^  cement  leaves  of  trees  together  to  form 
an  artificial  nest  for  their  large  eggs. 

The  ova  of  the  searslug  (^Tritonia)  are  expelled  together  in  the 
form  of  a  long  thread,  and  are  arranged  in  a  spiral  manner  in  the 
tenacious  transparent  covering  of  the  thread.  In  the  Doris  muricata 
the  ova  are  aggregated  in  a  flattened  spirally  disposed  albuminous 
band  when  excluded  from  the  oviduct.  The  harder  albuminous  cap- 
sules which  defend  the  ova  of  other  marine  Gastropods  offer  a  great 
variety  of  forms,  some  of  which  are  remarkable  for  their  complexity, 
others  for  their  symmetry  and  beauty.  Here  are  displayed  the  nida- 
mental sacs  of  the  frail  JanthinaX;  they  are  of  a  flattened  pyriform 
shape,  composed  of  a  delicate  reticulate  film  of  albumen,  and  are  at- 
tached by  one  extremity  to  a  float,  formed  likewise  by  a  secretion  of 
albuminous  matter,  dilated  into  a  group  of  cells  filled  with  air.  To 
this  float  the  parent  Janthina  commits  her  little  progeny,  and  having 
securely  fastened  their  several  cradles  or  nursery  cells,  she  detaches 
the  float,  which  bears  the  ova  to  the  surface,  and  sustains  them  where 
they  may  best  receive  the  full  influence  of  solar  light  and  heat.  The 
nidamental  capsules  of  the  Pyrukt  rapa%  are  attached  in  regular 
linear  series  to  portions  of  decayed  wood ;  they  are  of  a  flattened 
sub-conical  figure,  adhere  by  their  apex,  and  have  their  base  emar- 
ginate.  The  nidamental  capsules  of  the  whelk  Q  are  common  objects 
on  our  sea-shore;  they  are  aggregated  in  large  irregular  masses, 
often  attached  to  portions  of  oyster-shell ;  each  capsule  presents  a 
depressed  ovoid  figure,  with  one  side  convex,  the  other  flat  or  concave. 
The  small  nidamental  cells  of  the  Cowry  {Cypred)  are  aggregated 
in  a  flattened  group.  In  the  TurbineUa  the  cells  are  of  a  flattened 
sub'pentagonal  form,  and  adhere  together,  superimposed  one  upon 
the  other,  forming  what  is  termed  a  camerated  nidus.  Each  chamber 
contains  between  twenty  and  thirty  embryos.  In  the  preparation 
No.  2950,  it  may  be  observed  that  the  rudimental  shell  is  completely 
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calcified  and  6 tied  to  deTcnd  the  little  Gastropod  before  H 
from  the  temporary  shelter  prorided  for  it  by  the  parent.  Ntnoeroiii 
other  modi  fi  cation  a  of  these  secreted  nests  of  the  GaatropodonB 
MoUuaca  might  be  enumerated. 

Tho  development  of  tho  Gastropoda  has  hitherto  been  traced  in  a 
few  apneuatal,  nudibranchiate^  tec ti branchiate,  pulmonat^^  and  pecti- 
nibrancUitite  species;  and  the  results  show  considerable  modi£catiaiis 
in  ita  course  and  phenomena.  Most  Gastropods  are  oviparoua ;  BOWt 
species  of  Liiorina  are  ovo-viviparous  :  Paludina  and  ClausUh 
veniricom  are  viviparous. 

With  the  singular  exception  observed  in  Buccinum*,  in  whtdi  the 
oegmentar  or  granular  germ-mass  from  which  the  embryo  ia  deve- 
loped results  from  a  confluence  of  numerous,  perhaps  fifty,  prerioiuljr 
distinct  minute  germ-masses f  in  the  nidamental  capsule,  that  germ- 
mass  is  due  to  progressive  segmentation  of  the  yolk^  tlie  result  of  tluj 
usual  Diukiplication  of  gerni*cells  which  clothe  themselves  with  tlie 
so-subdivided,  but  coherent,  yolk  substance.  One  cell  in  fhdmanata 
and  Apltfsia^  indeed,  is  from  the  be^nning  conspicuously  larger  tlian 
the  rest,  and  has  been  called  the  directive  cell  (richtungs  blasehanv 
^fig.  210,  a).  In  all  Gastropods  the  germ-mass  takes  the  form  of  % 
long  round  embryo,  one  end  of  which  becomes  indented  and  duthed 
by  ciliated  epithelium,  by  wbich  it  rotates  on  its  axis  in  the  albumen 
of  the  egg^  Bars^,  who  noted  the  ovi position  of  the  Tritonta  Aicam 
on  the  Ist  February,  1840,  traced  the  segmentation  of  the  yolk  to  tin 
8-fold  division  on  the  4th  day,  and  the  completion  of  the  germ-mnsd 
on  the  8th  day.  The  indentation  produdng  the  bilobcd  end  of  tlia 
embryo  took  place  on  the  15th  day;  after  which  the  ciliated  lob« 
extended  outwards,  and  assumed  the  form  of  wings  or  **  vela,"  Dr 
Grant§  had  long  before  discovered  the  corresponding  ciliated  Telau 
the  embryos  of  Purpura^  Trt^hus,  Nfrita^  Doris^  and  yfSo^o. 

On  the  20th  day  the  rudiment  of  tho  foot  appeared  benea 
bases  of  the  vela,  and  on  the  22nd  a  transparent  shdl  was  del 
which  covered  all  the  body  save  the  ciliated  vela  and  foot,  "  I  ( 
scarce  believe  my  eyes,"  writes  Sars,  "when  I  made  this  disc 
As  the  body  and  shell  enlarge  and  elongate,  the  cilia  become  stronger 
on  thf;  IoIhjs,  and  the  active  movements  of  tho  embryos,  crossing  each 
other  like  midges  in  the  dear  albumen  of  the  nidamental  band,  offer 
a  most  singular  spectacle  :  the  vela  now  move  by  muscnlnr  coDirac- 

*  CCCLIL 

t  Called    "ova*    by   the   Authors  of  CCCLI!.,   ifbose  obwrraijou* 
HowcvL'T,  made  on  **ova''  in  tha  nidamental  cap^e,  not  in  the  oviduct  of  llv 
female  whelk,  where  the  first  efi'ectx  of  impr^gnjition  are  to  he  traced. 
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tion  alternately  approximating  and  stretching  outwards.  On  the 
hinder  part  of  the  foot  is  an  operculum,  which  closes  the  mouth  of 
the  shell  when  the  emhrjo  retracts  itself.  Among  the  internal 
organs  the  acoustic  capsules  appear  first,  then  the  eyes.  The  ten- 
tacles next  protrude,  and  the  border  of  the  mantle  appears.  The 
mouth  is  established  between  the  vela.  On  the  36th  day  the  stomach 
and  a  looped  portion  of  intestine  come  into  view  out  of  the  germ- 
mass,  the  remnant  of  which  is  chiefly  changed  in  the  hepatic  and 
genital  glands.  A  longitudinal  muscle  for  retracting  the  body  into 
the  shell  also  now  appears. 

During  this  course  of  development  the  nidamental  band  has  become, 
by  endosmose  of  sea-water,  three  times  as  thick  as  before.  The  al- 
buminous substance  is  absorbed  by  the  embryos :  they  respire  by  the 
reaction  of  their  ciliated  surface  on  the  imbibed  water ;  as  they  grow 
they,  with  difficulty,  find  room  for  their  evolutions,  and,  between  the 
32nd  and  38th  .days,  rupture  the  delicate  membrane  of  their  nest, 
and  struggle  out.  They  are  now  about  one-eighth  of  a  line  in 
length,  and  swim  by  ciliary  action,  the  vela  being  kept  stifiiy  out- 
stretched. They  survived  in  the  vessels  of  daily  renewed  sea-water 
two  weeks,  then  died,  their  embryo  shells  floating  on  the  surface. 

The  ova  of  the  Aplysia  are  excluded  in  a  long  string,  enveloped 
by  a  transparent  flexible  mucus,  in  the  centre  of  which  they  are 
aggregated  in  several  irregular  series.  When  examined  at  this 
period,  the  yolk  has  apparently  divided  itself  into  six,  seven,  or  more 
numerous  globules ;  or,  in  other  words,  as  many  germinal  vesicles 
included  in  the  same  mass  of  albumen  and  in  a  common  chorionic 
coat,  have  given  origin  to  as  many  aggregations  of  vitelline  cells ; 
these,  therefore,  may  be  regarded  as  so  many  independent  yolks,  in 
each  of  which  the  same  progressive  fissiparous  multiplications  have 
been  observed,  as  in  the  single  vitellus  of  the  ovum  of  the  Flanorbis, 
and  of  animals  in  general.  Fig,  209.  exhibits  one 
of  these  yolklets  prior  to  the  commencement  of  the  /"^^ 

fissiparous  action,  by  which  subdivision  of  the     ^^        I  iJk 
mass  is  produced.     Fig,  210.  shows  the  quadrifid     ^^         %*^>» 
product  of  that  action   and  of  the  assimilative 
powers  of  the  resulting  divisions.     The  directive  cell  is  indicated  by 
Van  Beneden  at  a.* 

In  Jig.  211.  the  multiplication  of  the  globules  has  increased,  and 
two  of  them,  of  larger  size  than  the  rest,  indicate,  one,  the  seat  of  the 
future  branchial  organs,  the  other  that  of  the  muscular  mass. 

The  ciliated  epithelium,  with  which  the  vitellus  is  now  almost 
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progress  of  transformation  of  this  monad-tike 
v-^^^^N   embryo  to  the  Gastropodous  foniij  resembles 
^i^fc    fe'^'/"^^    closelj^   that   which   has  been    described    in 
hfl   m^^^^^Jf     Trkonia.     Tlio  remains  of  the  Titelline  mias 
^^    ^^-^mm^     Lfiff*  212,  a)j  not  yet  metiimorpbosed   intd 
Apiytta,  special  oi^ans,  indicates  the  expanded  alimen- 

sac  ;  bis  the  apex  of  the  rudimental  foot,  and  c  the  Tclum  with  its 
rtigly  ciliated  border.  These  parts  protrude  from  a  rudlmentaV 
,  pellucid^  and  flexible  shell,  wliich  covers  all  the  rest  of  the  sur* 
of  the  body.  The  arrows  iudieiite  the  direction  of  the  rotatory 
rements  of  the  embryo^  which  now  likewiae  describes  lU  elliptical 
lutions  in  the  chorioaic  eaTity^  As  development  proceeds  and 
embryo  increases  in  aize,  the  shell  acquires  a  more  distinctly  tur- 
Ated  form^  and  is  slightly  bent  out  of  iia  Tertical  plane  0%^>  213^ 
An  operculum  (c)  is  formed  upon  the  pro- 
truded surface  of  the  foot ;  the  course  of  ia* 
ternal  development  accoi^ls  with  that  in 
Tritonia,  The  ciliated  branchial  surface  (c) 
begins  to  be  withdrawn  more  into  the  inte- 
;  rior  \  and,  in  this  stat«,  protected  completely 
by  an  external  shell,  the  young  Aplysja  il 
launched  into  the  ocean* 
Truly  may  the  subsequent  growth,  which  ^ 
effects  an  entirely  internal  position  of  the  shell,  with  such  a  mutation 
of  its  form  that  the  primitive  nucleus  can  scarcely  be  detected  upon 
the  almost  flattened  plate  now  destined  to  protect  the  equally  internal 
respiratory  organs  of  the  mature  animal,  justify  us  in  applying  to  it 
the  term  metamorphosis.  This  term  is  still  more  applicable  to  the 
developmental  phenomena  in  the  Tritonia  and  Doris ;  since  these 
Gastropods,  which  are  not  only  naked,  like  the  Aplysia,  are  devoid  of 
any  internal  rudiment  of  a  shell,  and  yet  are  provided  with  a  delicate 
little  operculated  nautiloid  horny  external  shell  in  their  young  state. 
The  same  general  course  of  development,  in  which  the  embryo  or 
larval  mollusk  is  provided  with  the  ciliated  lobes  and  operculated 
shell,  has  been  traced  by  Loven  in  yEolis,  Bullay  Cerithium^  ;  by 
Nordmannf  in  Terfjipes ;  by  AllmanJ  and  Vogt§  in  ActtEon  ;  by 
Lund  II  in  Murex  and  Natica ;  by  Carus^I  in  Paliidina^  and  by 
Siebuld  in  Vermetus**  Rudiments  of  the  vela  are  retained  in  TVr- 
f/ipes,  xEoliSy  Doris,    Tritonia,  and  Aplysias ;   and  in   Thetys  they 
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continue  in  almost  their  primitive  form  and  proportions,  unless  the 
broad  lobes  of  the  adult  be  substituted  for  the  embryonal  vela,  as  is 
the  case  with  the  fins  of  the  Pteropods ;  otherwise  the  little  Cymbulia 
with  its  delicate  symmetrical  shell  would  represent  a  persistent  em- 
bryo form  of  the  higher  Gastropodous  Encephala.  Prof.  Muller* 
has  detected  ova  and  embryos  of  a  Gastropod,  which  he  believes  to 
belong  to  a  species  of  Natica^  within  the  body  of  the  Synapta  digi" 
tata :  they  were  contained  in  elongated  sacs,  firmly  attached  or  fused 
at  one  end  to  the  head,  at  the  other  end  to  the  gut  of  the  Synapta. 
The  upper  portion  of  the  sac  contains  both  spermatozoa  (like  those 
of  Natica)  and  ova ;  the  lower  portion  of  the  sac  was  intus-suscepted 
with  a  blind  end,  and  this  contained  the  ova  with  developed  embryos, 
according  to  the  velated  type.  This  remarkable  discovery  indicates 
some  singular  parasitic  habit  in  the  generative  economy  of  the 
mollusk  (ant^  p.  221.). 

The  development  of  the  pulmonated  Gtistropods  proceeds  without 
any  such  metamorphosis  as  that  above  described.  In  the  testaceous 
species  its  course  has  been  ably  traced  by  Prevost  and  Dumortierf 
in  Limnaus,  by  Pfeiffer:^  in  ffeliXf  and  by  Jacquemin  and  Quatre* 
fages  in  Planorbis.  § 

The  transparency  of  the  albuminous  capsules  of  the  ova,  and  of  the 
ova  themselves  in  the  fresh-water  Pulmonata,  renders  them  beautiful 
and  favourable  objects  for  such  researches. 

In  the  Physa,  the  nidamental  mass  is  short  and  ovate:  in  the 
LimtKBus  it  is  oblong,  and  not  striated,  as  in  the  Planorbis,  The 
double  movement  of  the  embryo  is  more  conspicuous  in  the  Limntsus 
than  in  the  Planorbis.  The  first  movement  of  the  yolk  is  one  of 
rotation  upon  its  axis ;  but,  as  development  proceeds  and  the  ciliary 
vibrations  are  strengthened,  the  embryo  begins  to  travel  in  an  ellip- 
tical course  around  the  interior  of  the  egg ;  its  two  movements  (to 
compare  small  things  with  great)  resembling  those  of  the  planets  in 
the  solar  system. 

In  the  Planorbis  the  single  centre  of  the  ovum,  or  the  germinal 
vesicle  with  its  nucleus,  is  very  evident  in  the  ovarian  ovum.  The 
processes  which  lead  to  the  disappearance  of  the  vesicle,  take  place 
in  the  oviducal  pouch  called  the  "  matrix."  The  transparent  nida- 
mentum  in  which  the  ova  are  excluded  is  shield-shaped  and  striated ; 
it  is  not  attached  to  any  foreign  body  but  falls  to  the  bottom.  After 
the  usual  subdivisions  of  the  yolk,  a  group  of  less  opake  cells  makes 
its  appearance  in  a  particular  part  of  the  periphery  of  the  granular 
mass  ;  and  an  epithelial  membrane  begins  to  spread  over  its  surface, 
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froin  wliieli  cHia  fire  soon  developed.    Their  Action  begins  abon'  '^ 
third  diiy  to  afTecL  tlie  surrounding  albumen,  an«l  afterwardu  to  i 
OiG  embryo  itdclf*  The  embryo  now  elongated :  its  binder  end  bs^uoic* 
A  spiral  form.     The  aggregation  of  stronger  and  more  oucuGroiis  ( 
on  a  particular  part  of  the  surface  of  the  yolk  indicates  the  seat  ( 
the  development  of  the  respiratory  organs.  Two  groups  of  extreme 
minute  and  compact  cells,  covered  by  a  tlncker  epithelium,  proje 
from  two  other  parti  of  the  surface^  and  constitute  the  rudiments  of 
the  head  and  fuot.     The  centre  of  the  yolk  presenta  tbe  form  of 
larger  and  \lsb  regular  globules,  which  indicate  the  position  of  the 
wide  digestive  sac     The  rudiments  of  the  head  and  foot  are  suffi* 
ciently  obvious  on  the  fifth  or  sixth  day  ;  the  acoustic  capsules  a|| 
peur :  the  respiratory  organs  are  formed  on  the  sixth  or  eighth  dajj 
according  to  the  warmth  of  the  weather.     On  the  eighth  day  \ 
characteristic  tentacles  begin  to  sprout  from  the  rudimenial  head, 
ikie  tenth  day  all  that  spirally  disposed  part  of  the  embryo  wbidi  i« 
not  occupied  by  the  head,  the  foot,  and  the  breathing  organ,  is  cove 
by  a  thin  and  transparent  pellicle,  which  is  the  rudiment  of  the  shell 
On  the  eleventh  day  one  of  Uie  large  central  globules  of  the  yo 
begins  to  distinguish  itself  from  the  alimentary  mass  by  feeble  < 
tractions  and  dilatations,  of  which  about  sixty  may  be  counted  in  j 
minute :  this  is  the  heart.     The  mouth  can  now  be  discerned, 
the  small  eyespecks  appear  like  black  granules  at  the  base  of  the  te 
taenia.  On  the  twelfth  day  the  embryo  moves  by  its  own  cootmetioq 
independently  of  the  rotation  produced  by  the  cilia.  On  the  tliirteentj 
iliiky  acta  of  deglutition  are  discernible  ;  the  embryo  swallows  the  i 
maiiting  albumen,  the  anus  is  completed,  and  the  genital  organs  b^^io 
to  be  formed.     On  the  fourteenth  day  the  young  PianorbU  ruptun 
by  more  violent  contractions  the  chorion,  and  escapes  into  the  wale 
protected  by  its  own  flexible  shell. 

The  course  of  development  is  different  in  the  naked  /Wm 
In  the  month  of  February  Van  Beneden  and  Windiachmann  •  fou 
ova  of  a  slug  {Limax  agresth)  buried  in  groups.     They  are  bud  i^ 
antumn  and  remain  until  spring,  resisting  the  cold  that  kills  the 
adults.     At  the  beginning  of  spring  the  germ  and  embryo  may  be 
found  in  all  stages  of  development.     The  egg,  when  laid,  bas  an  ex 
ternal  kmellated  nidamental  membrane ;  a  thin  chorion  inclosing  tl| 
albumen;  a  vitelline  membrane  with  a  twisted  filamentary  appendagoj 
and  the  vitellus,  which  is  small  as  compared  to  the  albumen. 

Two  clear  germ-cells  rise  from  the  centre  of  the  viteUua  and  piSS 
to  its  periphery:  their  existence  is  followed  by  the  first  fisskm  of 
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yolk;  successive  cleavage  reduces  it  to  the  mulberry  state;  and  the 
subdivision  proceeds  to  such  a  degree  of  minuteness,  that  the  yolk 
seems  to  have  returned  to  its  primitive  condition :  it  is  now  the 
germ -mass. 

These  divisions  and  subdivisions  take  place  rapidly  under  the  eyea 
of  the  observer.  By  compression  the  hyaline  centres  escape  from  the 
yolk-segments  or  germ-cells.  A  vibratory  movement  of  the  germ-mass 
gives  the  first  intimation  of  the  ciliated  epithelium,^rhich,  as  it  is  per- 
fected, effects  a  rotation  of  that  body :  this  movement  is  increased  by 
warmth  and  checked  by  cold.  There  next  is  seen  a  thickening  of 
the  integument,  with  a  development  of  two  tubercles ;  one  of  these 
enlarges  and  remains  above  the  germ-mass,  representing  the  mantle 
and  visceral  cavity  ;  the  other  elongates,  represents  the  foot  or  basis 
of  the  embryo,  grows  quickly,  and  soon  acquires  a  cavity  with  fluid  : 
then  a  bud  grows  from  its  hinder  part,  which  also  becomes  a  vesicle. 
This  "  caudal  vesicle  "  grows  to  one-third  the  size  of  the  rest  of  the 
embryo,  and  contracts  so  as  to  drive  its  contents  into  the  cavity  of 
the  embryo,  which,  in  turn  contracting,  sends  the  fluid  back  to  the 
caudal  vesicle.  Sometimes  the  caudal  vesicle  contracts  twice  before 
the  embryo*8ac  reciprocates.  The  liquid  so  oscillating  contains 
spherical  vesicles  like  blood-discs.  **  Trabecules  "  next  appear  in  the 
caudal  vesicle,  which  seems  a  mere  appendix  to  the  embrya  The 
cilia  upon  the  caudal  vesicle  and  tentacles  are-  very  small  compared 
with  those  of  the  Aplysia. 

With  the  caudal  appendage  appears  the  fissure  indicative  of  the 
anterior  border  of  the  foot ;  and  in  advance  of  this,  a  lobe  which  soon 
becomes  bifid,  and  forms  two  tentacles.  Above  the  foot  the  sub- 
oQsophageal  ganglion  is  developed.  A  crystal  of  carbonate  of  lime 
is  the  first  rudiment  of  the  shell,  an^  is  deposited  in  the  substance 
of  the  skin,  above  the  visceral  cavity.  The  cephalic  lobe  proceeds  to 
divide  into  the  upper  or  ocular  pair,  the  second  pair  of  tentacles,  and 
a  lower  pair  of  processes  forming  the  sides  of  the  mouth. 

The  embryo- sac  now  becomes  pyriform,  and  is  pressed  between  the 
advancing  head  and  the  shield ;  it  next  elongates  and  enters  the 
body;  the  intestine  begins  to  appear,  and  the  germ-cells  may  be 
distinctly  seen  to  pass  to  and  fro  into  it,  by  a  movement  like  that 
which  took  place  between  the  einbryo-sac  and  the  caudal  vesicle. 

The  third  period  of  development  is  marked  by  the  appearance  of 
the  heart,  by  the  disappearance  of  the  caudal  vesicle,  by  the  com- 
pletion of  the  digestive  canal,  and  by  the  total  intus-susception  of 
the  unconverted  germ-mass. 

The  rudimentary  shell  or  shield  is  pushed  backwards :  the  heart  is 
plainly  indicated  by  its  pulsations  uuder  the  shield,  before  its  contour 


B  clearly  a^en*    Next,  the  auricle  and  Tentricle  are  formed  by  a 

triction  of  the  pulsating  tube ;  nfterwards  the  pericmrdium  and 

)  vesaela  are  visible.    The  globules  in  the  fluid  sent  into  the  bodj 

the  caudal  vesicle  go  towards  the  heart.     The  embryo  alug  has 

an  extensile  proboscis,  which  is  formed  hy  the  lobea  below  the 

clea^  and  which  afterwards  disappears.    A  peculiar  glandular 

attached  to  the  pariet-es  of  the  cmbryo-sae  is  compared  to  the 

idtory  kidneyj^or  Wolffian  body  in  the  vertebrate  embryo*    At  a 

"^.  distance  from  the  anus  there  projects  a  csecnin,  wliicb  after- 

M  becomes  the  urinary  eao.     The  nerrous  syetem  is  at  BrBt  a 

liar  ring  containing  fluid ;  it  then  swells  oat  into  the  super-  and 

HBSophageal  masses^  and  gets  neurine  io  the  interior  of  the  sheath> 

se  acoustic  vesicles  appear  above  the  subcssophageal  mass. 

The  ocular  teutaeles  appear  for  a  long^^time  as  rounded  and  later- 

f  compressed  fins^  by  the  side  of  the  vitelline  sac  ;  they  may  be 

t  homolognes  of  tbe  vela  of  the  pectini branchiate  embryos, 

rhe  caudal  vesicle  disappears  before  the  young  is  excluded  from 

t  egg ;  its  contractions  go  on  alVer  those  of  the  heart  have  begun ; 

nd  thus  there  are  two  currents,  one  of  blood  in  vessels  through  the 

isoera,  and  the  other  of  fluid  outside  of  and  batblti^  the  viscera. 

The  pulmonary  sac  is  formed  by  a  simple  depression  at  iirgt,  which 

deepens  as  the  heart  and  vessels  become  developedj  and  the  vasctikr 

network  spreads  over  its  inner  surface.    The  generative  organs  are 

formed  after  exclusion. 


Class  PTEROPODA. 

Encephalous  moUusks,  with  wing-like  fins  from  the  sides  of  the 
head  or  neck. 

Order  Thecosomata. 
With  an  external  shell  :  head  indistinct. 
Family  Ilyaleidcc.     Shell  symmetrical. 

Genera  Hyalca,  Cleodora,  Cuviericiy  Eurf/bia,  Ct/mbulia^  Tiede- 
mannia. 

Family  Limacinidce,     Shell  spiral. 

Genera  Li?naci?ia,  SpirialiSy  Cheletropis, 

Order  Gymnosomata. 

Without  a  shell :  head  distinct :  fins  attached  to  the  neck. 
Family  Cliidcc, 
Genera  CliOf  Pneumodermon,  Pelagia,  Cymodocea. 
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Class  GASTROPODA. 
Encephalous  mollusksy  with  a  locomotive  ventral  disc,  or  foot. 

A.  MONCECIA. 

Order  Apneusta. 

No  distinct  respiratory  organs :  no  shell. 

Grenera  Ackean,  Rhodope^  Zephyrina^  Tergipes^  Eolidina^  JEolis. 

Order  Nudibranchiata. 

BranchisB  extending  more  or  less  freely  from  various  'parts  of  the 
body. 

Grenera  Scylkeoy  Tritonia,  DorU^  Thetis^  Polycera. 

Order  Ikfbbobranchiata. 

BranchisB  at  the  lower  part  of  the  sides  of  the  body,  between  the 
foot  and  mantle. 

Genera  PhyUidia,  DiphyUidia^  Ancylus. 

Order  Teotibranohuta. 

BrancbisB  covered  by  the  shell  or  mantle :  a  shell  in  most    An- 
drogynous. 

Genera  Tomaiella^  BuUa^  BulUsay  Daridium^  Gastropierouy 
Aplysia,  DolabeUay  Notarchus,  Icarus,  Lobiger,  PUu- 
robranchusy  Umbrella^ 

Order  Pulhonata. 

Part  of  the  mantle-cavity  forming  a  vascular  air-sac  or  lung. 

Family  Helicida.    Shell  external,  usually  well  developed,  closed 
by  an  epiphragm  during  hybernation. 

Genera  HeliXy  VUrinOy  Succineoy  BuUnuSy  Achatinoy  Pupa, 
OausOia. 

Family  LimacidcB.    Shell  rudimental,  internal. 

Genera  LimaXy  Ariony  ParmaeellOy  Testacella, 
Family  Oncidiadm.     No  shell. 

Genera  Onddiuniy  Vaginulus, 

Family  Limnetda,     Shell  thin,  horn-like,  well  developed. 
Genera  LimneOy  Physdy  AncyluSy  Flanbrbis, 

Family  Auriculidce,     Shell  with  a  homy  epidermis. 
Genera  Auricuhy  Conovulusy  Carychium. 


tECTUBK  2Xn. 

mily  C^doitomid^.     Shell  wit!i  an  operculiici. 
Grenera  Cyckulmna,  Pupina^  Ihlicma* 

.^^omily  AeicufidtE.     Shell  elongated,  cjllndrical,  with  a  subapind 
irculam. 
Grenera  Amicula^  Geomeiama* 

B,  DimCIA. 

Order  Nucleoeranchiata. 

Branchiae,  when  diitmet^  paek^  in  gmall  compaaa  with  the  heart 
a  dorsal  mantle  cavUj,  or  in  a  small  sjmmetneal  shell ;  somelimei 
inting  together  with  the  shelL     Foot  rudimental. 

Family  FiroUdrt,     A  &naall  branchial  ahell,  or  none* 

Genera  Firokt^  CarinariOf  Cardiapoda* 
Family  Atlantidm,     A  hodj*sKeII, 

Grenera  Atlanta^  Porcdlia,  Belhropkon^  CyrioH(e4. 

Order  TpBULmRAKCHUTA, 

Animals  inclosed,  with  their  braQchi%  in  long^  curved^  or  flexaous 
shelly  tubes. 

Grenera  Vermeiu^^  Deniaiiumt  Ma^m. 

Order  CYCLOURANcniATA. 

Branchiae  usually  a  scries  of  lamella?  surrounding  the  body  between 
the  foot  and  mantle. 

Family  Patellidce.     Shell  with  the  apex  turned  forwards. 
Genera  Patella,  Acma^a,  Gadinia, 

Family  Chitonidce,     Shell  subdivided  into  eight  pieces. 
Genera  Chiton,  Chifonellus,  Acanthopleura. 

Order  Scutibranchiata. 
Branchiae  protected  by  a  simple  or  shield-shaped  shell. 
Family  Halyotidce.     Shell  with  the  outer   lip   notched    or   per- 
forated. 

Genera  Ilaliotus,  Scissurella,  Pleurotomaria. 

Family  Fissurellida>.     Shell  limpet-shaped,  perforated  at  the  apex, 
or  notched  anteriorly. 

Genera  Fissurella,  Emarginula,  Parmophorus, 

Order  PECTixiBRANcmAXA. 

Branchiae  pectinated  or  comb-shaped ;  in  a  special  cavity  at  the 
fore  part  of  the  back.    Sexes  distinct. 
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A.  HolostonuUcu    Margin  of  the  shell-aperture  entire. 
Family    CupuUndce.    Shell  limpet-shaped,   with    the  apex  sub- 
spiral. 

GenerfL  Pileqpsi8,Hippont/Xf  Crepidula^  Calyptrcea^  Lithedaphus. 

Family  Turbinida.    In  the  following  families  the  shell  is  spiral 
and  pyramidal,  or  turbinated. 

Genera  Thirboy  Phasianella,  TrochuSy  MonodontOy  Delphinula^ 
Euomphalus,  StofnateUa^  Broderipia. 
Family  NeritidtB. 

Genera  Nerita^  FUeolus^  Neritinoy  Navicella. 
Family  Paludinida. 

Grenera  Paludina^  AmpuUariay  VaivatOy  Janthina. 

Family  Liiorinidie. 

Genera  LitorinOy  Solariumy  ZitiopOy  Rissoa. 

Family  Turritellida. 
Genera  TurriteUoy  VermetuSy  Scalaria. 

Family  Melaniadm. 
Genera  Melaniay  PaludomuSy  Meianapiis, 

Family  Cerithiadce, 

Genera  Cetithiumy  PotamideSy  NerifUBOy  Struthiolaria, 

Family  PyramidettidcB, 

Genera  Pyramidellay  StyUnOy  Macrocheilus, 

Family  Naticida. 

Genera  NoHcc^  Sigaretus,  VelaHna. 

B.    Siphonosiomata.     Margin    of  the    shell-aperture    notched    or 
produced  into  a  canaL 
Family  Cypraida. 

Genera,  Cyprtsay  EratOy  Ovulum. 
Family  VoltUida. 

Genera  VolutOy  OUva,  Cymbtiy  MUrOy  Valvariay  Marginetta* 

Family  Conida. 
Genera  ConuSy  Pteuroioma. 

Family  Buccinida. 

Genera  Buccinumy  ffarpOy  CasnSy  PurpurOy  Ebumeoy  TerebrOy 
NassOy  MonoceroSy  DoUum, 

Family  Muricid^B. 

Genera  Murex,  Ranelloy  Tritotiy  Fasciolaria,  Turbinellay  Can- 
cellariay  Pyrukiy  Fusus. 

Family  Strombid€B, 

Genera  StrombuSy  Pteroceras,  Rostellaria. 
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CEPHALOPODA, 

trace  the  progressive  diminution  of  tbe  exiiliog  species  of  Gai- 

K)dou8  Mollusca  by  their  fossil   shells  through  the  descending 

ta  of  the  tertiary  perloda  of  geology,  beyond  which  soch  indi- 

DiiB  become  vqtj  doubtful  and  obscure**     In  the  oldest  tertiary 

oait%  not  more  than  3|  per  cent*  of  the  remains  of  smy  class  of 

Dilusca  have  been  identified  with  species  now  living*     From  this 

it,  which  indicates  the  dawn  of  the  existing  state  of  the  testaceoos 

ina»  the  term  "eocene*'  ie  applied  to  these  strata;  in  the  superim- 

Doaed  or  "  miocene  ^  tertiary  beds  there  are  about  1 7  per  cent,  of  fossil 

dU,  identical  with  recent  species  j  in  the  deposits  of  a  third  or 

pliocene  **  era  from  35  to  40  per  cent-  ;  and,  in  still  more  modem 

^pleistocene"  formations,  the  older  tertiary  shells  have  almost  dm- 

^pearedy  and  the  number  of  epeciea  identical  with  those  now  living 

IB  from  90  to  95  per  cent. 

Amongst  the  sheUs  which  characterise  the  eocene  strata,  thert 
are  fonr  or  five  of  symmetrical  Hgure,  divided  into  ch^nbers,  whicli 
are  perforated  by  a  tube  or  siphon^  like  the  existing  large  Nautilas 
and  the  little  Spirula ;  but  they  belong  to  species  which  ore  unknown 
in  modem  seas.  In  the  secondary  formations,  whicli  succeed  the 
eocene  in  depth  and  order  of  antiquity,  the  chambered  siphoniferons 
shells  become  more  numerous  and  diversified  ;  they  depart  further 
from  the  two  remaining  recent  types,  and  manifest  a  rich  variety  of 
form  and  structure.  From  these  modifications  of  the  shells  we  not 
only  infer  corresponding  diflferences  in  the  habits  of  their  extinct 
occupants,  but  we  can  trace,  in  some  instances,  the  nature  of  the 
associated  differences  in  the  organisation  of  the  soft  parts. 

The  vast  number  of  the  complex  shells  known  by  the  names  of 
Ammonites,  Ortboceratites,  Ilamites,  Baculites,  Turrilites,  Belem- 
nites,  &c.,  and  the  constancy  which  particular  genera  and  species 
manifest  in  their  relations  to  particular  strata,  indicate  that  the 
functions  which  their  molluscous  fabricators  perfonned  in  the  organic 
economy  of  the  ancient  world  must  have  been  equal  and  closely 
analogous  to  those  which  have  since  been  assigned  to  the  Pectini- 
branchiate  Gastropods  that  have  superseded  them  in  the  seas  of  the 
tertiary  and  existing  epochs. 

•  The  supposed  recent  species  of  Trochus  observed  by  Defrance  in  chalk,  and 
the  Paludina  and  Cyclas,  described  by  Dr.  Fitton  from  the  Wealden,  are  not  con- 
sidered to  be  identical  with  existing  species  by  Deshayes  and  Lyell, 
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What,  then,  were  the  nature  and  affinities  of  the  extinct  con- 
structors of  those  ancient  chambered  siphoniferous  shells  ?  Earnestly 
and  repeatedly  had  this  question  been  pressed  upon  the  attention  of 
zoologists  and  comparative  anatomists,  and  long  was  it  before  any 
satisfactory  reply  could  be  returned.  The  Nautiltis  Pompilius  and 
Spirula  australis,  the  representatives  in  the  existing  seas  of  that 
vast  assemblage  of  siphoniferous  MoUusks  which  peopled  the  ocean 
during  the  secondary  epochs,  could  alone  yield  the  requisite  data  for 
its  determination,  and  for  a  long  period  comparative  anatomists  were 
disappointed  in  their  demands  for  these  most  rare  and  coveted  sub- 
jects. In  fact,  until  the  year  1832,  geologists  could  be  supplied  only 
with  conclusions  based  upon  more  or  less  probable  analogies  and 
conjectures.  Before  this  period,  only  one  account  of  the  Nautilus 
Pompilius  was  extant,  in  the  work  of  Rumphius  *,  a  Dutch  naturalist 
of  the  I7th  century,  whose  figure  of  the  animal  was  pronounced  by 
Cuvierf,  the  profoundest  malacologist  of  his  age,  to  be  unintelligible 
(^ndechififrable ').  The  little  light  that  it  might  have  thrown 
upon  the  interesting  question  of  the  affinities  of  the  Nautilus  was  ob- 
scured by  the  grotesque,  and,  as  they  have  since  proved  to  be,  ficti- 
tious figures  of  the  animal,  subsequently  published  by  De  Montfort:^ 
and  Dr.  Shaw  §,  and  the  evidence  of  Rumphius  seems  to  have  been 
rejected  by  the  naturalists  of  the  French  circumnavigatory  expedition 
under  Captain  Freycinet,  who,  on  their  return  in  1881,  published  a 
description  and  figures  of  part  of  an  unknown  molluscous  animal, 
presumed  to  be  that  of  the  Nautilus  Pompilius^ ;  and  which,  had 
their  conjecture  been  verified,  would  have  indicated  the  chambered 
shell  of  the  Nautilus  to  have  been  an  appendage  to  some  huge 
heteropod,  allied  to  the  Carinaria. 

If  the  claims  of  the  Ammonite  and  its  extinct  congeners  to  take 
rank  in  a  higher  class  of  Mollusca,  had  appeared  to  some  zoologists 
to  be  established  by  the  figure  of  the  animal  of  the  Spirula^  pub- 
lished by  PeronlT,  it  might,  at  the  period  to  which  I  allude,  have 
been  objected  that  this  evidence,  likewise,  had  been  invalidated  by 
Fremenville's  assertion  to  Brongniart,  cited  by  De  Blanville**,  that 
the  animal  of  tHe  Spirula  was  wholly  different  from  Pdron's  descrip- 
tion of  it. 

If  an  appeal  had  been  made  from  the  unsatisfactory  and  conflicting 
evidence  derivable  from  the  existing  chambered  siphoniferous  shells 
to  the  simple  univalve  of  the  ArgonautOy  which  resembles  them  in  its 

♦  CCCLXXXII.  t  XII.  torn.  iii.  p.  18.  %  CCCLXXXIII. 

§  CCCLXXXIV.  n  CCCLXXXV.  ^  CCCLXXXVl. 

♦*  CCCXXVll.  t  i.  p.  381.,  8vo.  1825.  Noavelles  Annales  du  Museum,  t.  iii. 
p.  20.  4to.  1834. 
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symmetrical  flgnrc.  it  might»  on  the  one  hand,  have  been  olyeeted  Ail 
the  corro8i>ondence  of  outward  form  alone,  mthout  llie  cam^mt^  mid 
filphoQated  structure,  whs  insufficient  to  8Qp{>ori  the  eonclodiou  of  the 
cephalopodic  nature  of  the  Nautilus  or  Spirula,  gi  1  of  Ibe 

Carinnria  might  have  been  adduced  as  much  mot  ^  ^  mbOng 

that  of  the  Argonauia  /  and,  on  the  other  hand,  the  N^epticism  of  th^ 
majority  of  conchologists  at  that  period,  as  to  the  Argotiaul  shell 
being  actually  fabricated  by  the  Cephalopod  usually  fuund  in  it* 
might  have  been  adduced  to  show  how  little  value  could  be  •ttftched 
to  the  superficial  resemblance  between  the  Argonaut  shell  and  tint 
of  the  Nautilus,  in  the  detemii nation  of  the  Cephalopodie  cbamctef 
of  the  constructor  of  the  latter ;  and»  by  inference^  of  tliose  of  th« 
fdlied  extinct  chambered  shell?.  Most  acceptable,  therefore,  at  this 
eonjuncturep  was  the  arrival  of  the  moUuseous  inhabitant  of  the 
Nauiiln,f  Ihmptfius. 

The  long-sought-for  animal  was  captured  in  the  South  Sea§  by 
Mr.  George  Bennett,  a  member  of  the  Royal  College  of  Surgecmi^ 
and  by  him  presented  to  the  museum  of  the  college  :  it  was  enimstfd 
lu  me  to  be  anatomised,  and  my  description  with  illustratioas  w» 
liberally  pubH^hed  by  the  CounciL* 

The  dissection  of  this  unique  specimen  established  the  claims  of  the 
NauHlux  PompiliuM  to  rank  in  the  highest  class  of  MoHudca.  and  it 
the  same  time  brought  to  light  ao  many  important  modificalioiis  tn 
tlie  cephalopodie  type  of  structure  aa  to  necessitate  the  GstabliahmeaC 
of  ft  new  order  for  its  reception.  The  present  Lecture  will  be  derotd 
to  the  demonstration  of  the  principal  organic  characters  of  this  order^ 
whicli  is  called  Teirabrnmhiata^  and  to  a  brief  review  of  the  extinct 
chambered  siphon! ferous  shells,  and  of  their  relationa  to  the  extstiai^ 
Cephalopoda* 

The  soft  parts  of  the  pearly  Nautilus  {Jig*  214.)  form  an  obkuig 
mass  divided  by  an  irregular  transverse  constriction  into  twa  oeady 
equal  segments;  the  posterior  is  smoothly  rounded^  soft,  and  nc 
nous,  containing  the  viscera,  and  adapted  to  the  last  chamber  of 
shell;  the  anterior  is  densely  muscular,  and  includes  the  orgiins  ( 
sense  and  locomotion- 

The  mantle  is  very  thin  upon  the  posterior  part  of  the  bcidy ;  tt  iJ 
continued  backwards  in  tlie  form  of  a  slender  tube,  whieh  penetrates 
the  calcareous  siphon  (c),  in  the  septum  dosing  the  occupied  diamber 
belli nd,  and  is  thence  continued,  as  tlie  membrnnous  siphon  («f) 
through  all  the  other  divisions  of  the  shell  to  the  central  nucleus* 
the  mantle  advances  towards  the  anterior  part  of  the  abdomeo,  ii  iij 
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Nautiliu  Pompillui. 

creases  in  thickness,  becomes  more  musculftr,  and  extends  freely  out- 
wards, forming  a  wide  concave  fold  on  the  dorsal  aspect  (c),  which  is 
reflected  over  the  black-stained  involuted  convexity  of  the  shell.  The 
margin  or  collar  of  the  mantle  is  continued  downwards  and  forwards 
on  each  side  with  a  sinuous  outline,  and  is  perforated  below  for  the 
passage  of  the  muscular  expiratory  and  excretory  tube  called  the 
funnel  (i).  Besides  the  muscularity  of  the  free  border  of  the  mantle, 
which  indicates  its  power  of  extension  and  contraction,  its  surface  is 
studded  with  the  orifices  of  many  minute  glandular  crypts  ;  and  it  is 
the  organ  by  which  the  growth  of  the  shell  is  principally  effected. 
The  nidamental  glands  form,  in  the  female,  two  circular  convexities 
on  the  ventral  surface  of  the  abdomen,  behind  which  the  mantle  is 
encircled  by  a  thin  layer  of  brown  matter,  like  the  periostracum, 
which  band  is  very  narrow  above  and  below,  but  expands  on  each 
side  into  a  broad  plate,  corresponding  in  size  and  form  with  the 
surfaces  of  attachment  of  the  two  great  muscles  for  adhesion  to  the 
shell. 

The  anterior  or  muscular  division  of  the  Nautilus,  which  may  be 
termed  the  head,  forms  a  strong  and  wide  sheath,  containing  the 
mouth  and  its  more  immediate  appendages ;  its  inner  surface  is  for 
the  most  part  smooth,  the  outer  one  divided  and  extended  into  many 
parts  or  processes.  The  chief  of  these  forms  a  broad  triangular  mus- 
cular plate  or  hood  (/),  covering  the  upper  part  of  the  head,  and 
presenting  a  middle  and  two  lateral  superficies ;  the  former  being 
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traversed  by  a-  median  longitudinal  furrow,  indicating'  the  plat^  of 
confluence  of  tbe  two  large  hollow  tentacuUferoaa  procesies  of  whicliit 
is  compo8e<l.  The  back  part  of  the  hood  la  excavated  for  the  lodg- 
ment of  the  involuted  convexity  of  the  shell,  and  the  above-deicribed 
fold  of  the  mantle  covering  it.  Each  side  of  the  head  supports  i 
group  of  perforated  processes  or  dtgitatiotus,  the  largest  of  which  ii 
next  the  hood,  and  the  rest  decrease  in  si^e  as  they  descend  in  por- 
tion. Exchigive  of  the  short  subocular,  perforated  process*,  the  dlgi- 
tations  are  eighteen  in  number  on  each  side  disposed  irregularly,  but 
all  directed  forwards,  eome  not  reaehiog  as  far  as  the  anterior  aiargin 
of  the  head,  others  projecting  a  few  lines  beyond  it.  They  are  of  a 
conical,  suhtriodral  form  :  the  large  one  next  the  confluent  pair  which 
forms  the  hood,  has,  like  that  part,  a  papillose  outer  surface,  Etcli 
process  contains  a  long  and  ^nely  anuulated  tentacle  {^),  of  a  sab- 
triedral  form,  with  the  inner  surface  incised,  as  it  were,  hj  deeper  mi 
fewer  cuts  (_/%.  216j  e\  so  us  to  present  the  appearance  of  a  number  of 
close-set  transverse  plates,  slightly  indented  by  a  median  loiagitudiai] 
impression  (ib,  /),  This  modificatioa  mast  increase  the  prebea- 
sile  and  sentient  properties  of  the  Inner  surface  of  the  tentacle,  nnd  it 
is  on  the  corresponding  part  of  the  larger  and  fewer  tentacles  of  tfee 
dibranchiate  cephalopods  that  the  aco tabula  are  dcTelopedi  Tbe 
angle  between  the  two  outer  finely  annulated  surfaces  subsidea  near 
the  end  of  the  tentacle,  which  thus  becomes  fiattcned. 

To  the  nineteen  tentacula  which  are  supported  by  the  confluent 
and  free  digitations  on  eacli  side  of  the  head,  two  others  must  be 
added,  wliich  project  from  very  short  sheaths,  one  before,  the  other 
behind,  tlie  eye  ;  the  lateral  transverse  incisions  are  deeper  in  these 
than  in  the  digital  tentacles.  The  eyes  are  about  the  size  of  hazel 
nuts,  and  are  attached  each  by  a  short  peduncle  to  the  side  of  the 
head,  behind  the  digitations,  and  a  little  below  the  margin  of  the 
hood.  The  inferior  surface  of  the  oral  sheath  is  excavated  for  the 
lodgment  of  the  infundibulum. 

The  mouth  is  armed  with  two  mandibles,  shaped,  as  in  other 
cephalopods,  like  the  beak  of  a  parrot  reversed,  the  lower  mandible 
(y%r.  214,  /)  overlapping  and  curving  upwards  beyond  the  upper 
one  (k).  Both  mandibles  arc  horny,  with  their  tips  encased  by  dense 
calcareous  matter,  and  their  base  implanted  in  the  thick  muscular 
parictes  of  the  mouth. 

They  are  immediately  surrounded  by  a  circular  fleshy  lip  with  a 
plicated  anterior  border,  external  to  which  there  are  four  broad  flat- 

*  Particularly  described  and  shown  not  to  be  tentaculiferous  by  M.  Valenciennes, 
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tencd  processes  called 'Mabiul/' (MindinifiiMniwMiiU  frnrit  Iho  tiin.  r 
surface  of  the  oral  sheath,  two  of  whirh  nro  4ii}mm  inr.  |iiicf..r;.>r.  ntif 
external,  the  other  two  (/i)  ar»  iiifrrinr.  firi|rii,.r,  nw\   rrmrM  irniii,. 
diatel  J  embracing  the  mouth:  thf  Ifiltrr  nrn  rfuinnr.frwl  fM(».>fiM.p  ^i  ,„„ 
their  inferior  margins  bj  a  miiMlr  lobr,  thr  innnr  cMrrnf  cf  \vh',,h 
supports  a  series  of  longitudinal  iamrllin.     On  flt«»  inriMP  o.irr^  .,.  ..r 
the  oral  sheath  beneath  these  pracvuM-n  thrrn  nrn  twrf  rlifafrrq  ,.f  .^  .ft 
conical  papills,  and  on  each  side  of  ihi-nr.  n  Knuip  r.r  inrnfliT^      rn,!, 
of  the  four  labial  processes  is  pierced  Uy  twrlvn  rqnnU,  thn  r.rifrrw.a  r.r 
which  project  in  the  form  of  short  tube*  from  tlm  nnUr'tnr  mftr(»m. 
and  each  canal  contains  a  tentacle  similar  to,  but  RroAllrr  fhnf^,  fhf,-^r* 
of  the  digitatioos.    Thus  the  number  of  U:nfsuc.]pn  w\fU  whiMi  fho 
pearly  Nantflns  is  ptoridcd,  amounts  to  not  Icm  than  ninAf  7.  of  wHmIi 
thirty-eight  maj  be  tumftd  digital,  four  ophthalmir,  nn/l  f'^fy  nig^f 
labiid.    In  the  rowil  ^eeimen  of  this  rar^   moUuv/nM   -inimni. 
presented  to  the  eoDcge  bf  Captain  Sir  Edward  IMr.hi-.r',  fhf^rf»>  tt^^ 
a  slight  diffiereBee  m  mmmha  in  the  digital  tentacnia  of  th^.  twr,  au1^4, 
nineteen  being  on  the  riighs^  and  seventeen  on  the  Mt  «ir|A.     T  u*^ 
labial  processes  ia  Ae  ifiHiM^B  of  Naotilns  described  by  M.  V4^>n. 
ciennes  contained  Airteea  trgtarifs  inateMd  of  twelve;  and  v^ma 
variation  is  not  sarpria^  in  the  umber  of  prehensile  ors^jtm*  'Ipv^- 
loped  in  such  unwonted  pt«lhn»  in  tbe  IVaatilos.     A  more  mArlcvl 
modification  of  the  labial  pweeaaca  has  been  &and  in  a  male  ^p*'." 
cimenfy  which  is  probnUty  sezaal,  and  will  be  subsequently  dewrih^vi 
The  skeleton  of  the  Nantilns  eooflsts  of  two  partii,  equally  d'iAt\t\r.t. 
in  their  position,  textnre^  and  ocgaaie  properties :  the  one  in  the 
external  chambered  sheO;  theodier  is  a  miiimentai  'VirtilfK^inotw 
cranium,  which  sends  out  proeossa  iv  Ae  attachment  ->f  Mie  prin^ 
cipal  muscular  missfS     The  shell  «f  Ae  Nautilus   ^nRi>«tM   if  in 
elongated  sub-compressed  oonc^  eonwfafisii  in  dose  spiral  ^vimrtA. 
upon  the  same  plane,  so  as  to  be  perfidy  symmetricaL     In    he  ^i\\ 
grown  moUnsk,  three*fourths  of  die  ahefl  tnok  the  rv^mmenrpment  10 
longer  serve  to  lodge  the  animal,  bnt  bare  been  partitinnH    >^  i4 
they  have  been  progressively  evacnated,  into  a  aamher  '»f  :^*lATntlpr^ 
(^ff.  21 4y  bf  b\  increasing  regularly  and  gradoaily  in  ^sie  :rnm    he 
first  to  the  hut,  or  to  the  last  bnt  one.    The  open  r*hamhpr  .t    i\ 
which  contains  the  animal,  is  mneh  larger  than  the  r-e^t.   ^li^'.riy 
curved,  concave  behind  and  on  the  ventral  sspect,  and  liv  ifp.i  ota 
two  coiKarttMA  on  the  dorsal  aspect,  by  the  projeetinc^    n^-  jiH^'.-f 
sp.'re.    A:  t£A  w&fsi  are  two  tfght  impressions  of  the  \»vj.\    uit^,\ 
ii.:iK^  tA^  luit  t^  ^be  ^iMMesMf  narrow  cincture,  and.  y.4tPr;or'«; 
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the  njfuntlibular  aperture  of  the  calcareous  sipbon  iM  a^en  a 
middle  of  the  laat  septum.  This  calcareous  tube  extends  $A>o% 
fourth  of  the  way  towards  the  succeeding  septum,  which,  with  all  tht 
others,  is  sImUarty  perforated  and  prolonged  backwards  near  their 
middle  purl.  The  septa,  about  thirtj-fiTe  in  number,  are  cso^oeaTe 
towards  the  aperture  of  the  shell,  except  below,  wh^re  they  are 
convex  transversely ;  for  their  circamference  doea  do!  follow  precisely 
the  transverse  section  of  the  spiral  eooetbut  describes  a  stigliUj  sinooas 
outline.  The  shell  consists  of  two  substances  ;  the  outer  od«  opaks^ 
white,  or  stained  with  the  characterutic  red-brown  stripes  i  tltt 
tntemal  layer  is  twice  as  thick  as  the  farmer,  and  of  a  oaereofli 
structure  and  lustre :  the  external  surface  of  the  shell  is  natmal^ 
cohered  with  a  reddish  brown  or  greenish  epiderm  or  perioatneaa} 
and  upon  the  involuted  convexity  of  the  shell,  the  dorsal  fold  of  the 
mantle  deposits  a  thin  plate  of  a  nacreous  texture,  ataiiied  extcraatij 
of  a  deep  black  colour,  which  can  be  traced  as  an  extremely  ihiii  id» 
dittanal  layer  along  the  interior  whorls  of  the  shelL  In  the  iN^alfttt 
fhmpiiiuM  the  hole  or  umbilicus,  at  the  extremities  of  the  Imagiaify 
axis  round  which  the  inyoluttons  of  the  shell  hare  been  made*  is 
filled  up  by  the  deposition  of  semi-^nacreous  material  :  hot  ta  the 
species  or  variety  termed  A'at$tilus  umbilicaiits,  the  margios  of  the 
dorsal  fold  of  the  mantle  aro  not  developed  to  the  same  extent,  and 
the  umbilicus  continues  open*  The  septa  consist  exclusively  of  ibe 
nacreous  substance :  they  ai*e  tliinnest  at  their  tnargias^  which,  fnno 
their  oblique  applications  to  the  wall  of  the  shelly  increase  its  thick- 
ness at  tlie  line  of  contact  llie  chambers  are  lined  bjr  a  tliin  mem* 
branous  peUicle,  thrown  off  by  the  mantle  when  the  animal  waa  in  tk 
act  of  advancing  forwards  to  enlarge  its  shell  and  form  a  new  aeptusu 

The  internal  cartilaginous  skeleton  of  the  Nautilus  is  confined  to 
the  inferior  surface  of  the  head :  no  part  of  it  extends  above  tia 
eoAoplmgus.  Viewed  sideways,  it  presents  a  triangulitT  form  i  a  por- 
tion of  the  annalar  brain  is  protected  by  a  groove  on  the  upper  sa^ 
face  of  the  cartilaj^e:  two  strong  processes  are  continued  from  iti 
anterior  and  superior  angles  into  the  crura  of  the  infuodibalum, 
giving  origin  to  the  chief  muscles  of  that  part.  Two  otiier  thioo^r 
processes  are  continued  backwards,  and  curve  inwards  and  down* 
wards;  they  give  origin  to  the  two  great  muscles  which  paaa  from 
the  internal  to  the  external  skeleton^  or,  in  other  words;,  attach  tlie 
animal  to  the  shell. 

The  muscular  fibres  of  the  head  or  oral  sheath  arise  fWim  tlM 
whole  of  the  anturior  or  outer  part  of  the  internal  skeleton.  IV 
muscular  structure  of  the  funnel  presents  a  much  greater  develop- 
ment than  in  the  naked  Cephalopods ;  and^  from  its  relattoa  to  thost 
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masses  which,  on  the  one  hand,  attach  the  soft  parts  to  the  shell,  and, 
on  the  other,  connect  the  head  to  the  body,  we  may  conclude  that 
the  funnel  is  the  principal  organ  of  natation,  and  that  the  Nautilus  is 
propelled,  like  the  Octopus,  by  a  succession  of  jerks  occasioned  by 
the  reaction  of  the  respiratory  currents  upon  the  surrounding  water. 
The  orifice  of  the  funnel  is  guarded  by  a  valve  (Jig.  214, »'). 

The  retraction  of  the  tentacula  is  done  by  longitudinal  fibres,  the 
elongation  by  transverse  ones.  These  are  not,  however,  disposed  in 
circular  or  spiral  series,  so  as  to  attenuate  and  lengthen  the  tentacle 
by  a  general  compression,  but  present  a  more  complex  disposition 
by  which  they  diminish  the  transverse  diameter  without  com- 
pressing the  central  nerve.  The  transverse  fibres  (Jig.  216,  a)  arise 
in  numerous  and  distinct  fasciculi  from  the  dense  cellular  tissue 
(6),  surrounding  the  nerve  in  the  centre  of  the  tentacle  (cf ),  and 
radiate  at  equal  distances  to  the  circumference ;  they  divide  and  sub- 
diride  as  they  diverge,  and  also  send  off  lateral  fibres,  which  form  a 
delicate  network  in  the  interspaces  of  the  rays,  especially  at  the 
angles  :  the  meshes  include  the  longitudinal  fasciculi,  the  cut  ends  of 
which  are  shown  at  c. 

The  mechanical  arrangement  of  the  contractile  fibres  is  very 
similar  to  that  of  the  complex  muscles  described  by  Cuvier  in  the 
proboscis  of  the  elephant  The  attenuation  and  elongation  of  this 
brobdignagian  tentacle  must  be  eflected  without  compressing  the 
central  breathing  tubes,  and  transverse  fibres  accordingly  radiate 
from  the  dense  ligamentous  tissue  which  surrounds  them  :  the  same 
prospective  contrivance  is  manifested  to  prevent  the  compression  of 
the  nerves  and  vessels  in  the  muscular  system  of  the  ninety  probos- 
cides  of  the  Nautilus. 

For  the  special  account  of  the  myology  of  the  Nautilus,  which  in* 
eludes  the  muscles  of  the  oral  sheath  and  its  digitations,  of  the  labial 
processes  and  mouth,  and  of  the  infundibulum,  those  for  adhesion  to 
the  shell,  those  of  the  mantle,  those  of  the  tongue,  the  fibres  of  the 
tunic  inclosing  the  liver  and  stomach,  and  the  muscles  of  the  organic 
system,  I  must  refer  to  the  published  monographs  on  the  anatomy  of 
this  animal.* 

The  principal  masses  of  the  nervous  system  of  the  Pearly  Nautilus 
{fig.  215.)  are  concentrated  in  the  head.  The  super-cesophageal 
part,  or  brain  (a),  presents  the  form  of  a  short,  thick,  transverse, 
round  chord  or  commissure,  connected  at  each  extremity  with  three 
ganglionic  masses.  The  middle  and  superior  of  these  (6)  supplies  the 
eye  and  the  inferior  hollow  tentaculiform  organ :  the  anterior  and 
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mfeHor  ganglion  (c)  meets  its  fellow  «is 
below  tlie  itjsoplmgus :  the  posterior 
ganglion  (d\  m  like  mttuuer,  joins 
ill  at  of  the  opposite  side  and  forms 
a  second  and  |>o8terior  oesophageal 
ring.  The  nerves  given  off  imme- 
diately from  the  super- oesophageal 
mass  supply  the  muscular  and  other 
parts  of  the  mouth,  and  have  small  ^^ZJ  S 

pharyngeal  ganglions  developed  upon      ^ 
them.    The  anterior  ossophageal  ring 
gives  off  principally  the  nerves  to  the  ■^''   ''  f 

tentacula  (/♦/),  and  the  two  median  '        ,    ' 

ones  Qy)  are  connected  with  a  gan-  '  i' ' 

glion  (A),  which  supplies  the  tenia* 
cnla  of  the  inferior  labial  proceasea 
and  the  lamellat^d  organs  on  that 
part  of  the  oral  sheath*  The  ten- 
tacular nerves  are  continued,  like 
those  of  the  arms  in  the  higher 
Cephalopoda,  along  the  middle  of  the 
tentacle,  attached  by  loose  cellular 
tissue  to  the  vessels  of  the  part.  The 
posterior  collar  gives  off  numerous 
nerves  {m)  of  a  flattened  form,  which 

supply  the  muscles  of  the  shelU    The  Net »«ii  spwm.   hmbMu^ 

respiratory  nerves  form  a  small  ganglion  {g)  at  the  base  of  each  pair 
gills,  from  which  branches  are  sent  to  those  organs,  to  the  heart,  and 
to  the  appendages  of  the  veina*     A  plexus  of  more  delicate  visceral 
nerves  (r)  is  continued  backward  along  the  interspace  of  tbebfunchiftl 
nerves,  and  the  chief  branches  are  connected  with  a  sniall  ganglioo 
situated  between  the  cardiac  and  pyloric  orifices  of  the  atomach.  The 
posterior  suboesophageal  nervous  mass  combines  the  homologuea  oC 
both  the  branchial  and  pcdial  ganglions  in  the  inferior  ^loUuscm :  the 
anterior  ring   answers  to  the  ganglia  in  the  higher   Ceplialopods, 
called  "  pes  anserinus "  by  Cuvier :  the  ophthalmic  tetitaculji^  which 
derive  their  nerves  (n,  n)  close  to  the  origin  of  the  optic  gangUoOf 
may  be  considered  as  homologous  to  the  four  tentacula  In  the  Aplysia. 
The  hollow  plicated  process  beneath  the  eye,  which   Valenciennes 
regards  as  the  olfactory  organ,  likewise  receives  its  nervea  from  the 
extremity  of  the  super-cesophageal  chord.     Three  small  nervaua  fila» 
nicnts,  described  by  the  same  author  as  passing  from  the  extremity 
of  the  super-oosophageal  chord  to  the  adjoining  part  of  th©  cephalic 
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"cartilage,  he  considers  as  acoustic  nerves ;  but  these  nerves  are  given  off 
from  the  aub-oosophageal  ganglion  in  the  higher  Cephalopods,  and  in 
all  the  Gastropods,  in  which  the  organ  of  hearing  haa  been  observed. 
The  eyes,  as  before  stated,  are  attached  each  by  a  short  pedicle  to 
the  side  of  the  bead,  over-arcbed  by  tbe  projecting  margin  of  the  hood. 
The  form  of  the  ball  is  sub -hemispherical,  being  flatti?ned  anteriorly 
along  its  inferior  border,  there  is  a  slightly  elevated  ridge,  from 
which  a  smaller  ridge  is  continued  to  tbe  middle  of  the  anterior  sur- 
face of  the  eye,  which  is  perforated  by  a  round  pupillary  aperture, 
about  a  line  in  diameter.  The  sclerotic  tunic,  which  is  a  tough, 
ligamentous  membrane,  is  thickest  posteriorly,  and  becomes  gradually 
thinner  to  the  margin  of  the  pupil.  The  optic  filaments  form  a 
pulpy  mass  at  the  floor  of  the  eye,  from  which  the  retinal  expansion 
is  continued  as  far  forwards  as  the  semidiameter  of  the  globe  :  it  is 
lined,  like  the  rest  of  the  Interior  of  the  eye,  by  a  thick  black  pig- 
ment, which  ia  doubtless  perforated  by  the  retinal  papillaa,  or  other- 
wise a  perception  of  light  must  take  place  in  a  manner  incompatible 
with  our  knowledge  of  the  ordinary  mode  in  which  the  retina  ia 
effected  by  luminous  rays.  The  crystalline  lens  waa  not  present  in 
the  specimen  dissected  by  me,  and  M.  Valenciennes  states  that  he  was 
unable  to  observe  any  of  the  humours  of  the  eye**  In  the  N(tuii!us 
umbUtcatus^  Mr,  Macdonald  found  "  a  mere  viscous  matter  protecting 
the  retina  from  the  sea- water." 

The  cavity  in  the  cephalic  cartilage,  apparently  that  described  in 
my  Memoir  f  as  containing  a  sinus  of  tbe  cephalic  veins,  but  which 
M*  Valenciennes  regards  as  the  organ  of  hearing,  is  defective  in  the 
structures  which  the  uniform  analogy  of  that  organ  in  the  molluscous 
aubkingdom  leads  us  to  conclude  are  essential  to  it :  there  were  no 
traces,  for  example,  of  otolithes.J  In  the  Naut.  umbilicatus  there  are 
*'two  spheroidal  acoustic  capsules  placed  one  on  each  side,  at  the 
union  of  the  supra-  and  sub-oBsophageal  ganglia,  and  measuring  eacli 
about  ^jth  of  an  inch  in  diameter.  Each  capsule  rests  internally 
against  the  nervous  mass,  and  is  received  on  its  outer  side  into  a  little 
depression  in  the  cephalic  cartilage.  It  is  enveloped  in  a  kind  of 
fibrous  tissue,  and  filled  with  a  cretaceous  pulp,  consisting  of  minute 
otoconial  particles,  varpng  much  in  size,  and  sometimes  combined  in 
atellatc  cruciform  or  other  tlgure9/'§ 

With  respect  to  the  organ  of  smell,  the  structure  and  position  of 
the  K»ft  clo8e*set  membranous  lamelhe  at  the  lower  and  inner  part  of 

♦  I.OC.  cit.  p.  289.  t  CCCLXXXVn,  p.  16. 

X  **  Elle  rrait  rcmplie  d'ane  palpc  faomogt>ad'*  (coagulated  blood?),  *'cl  oecou* 
teniiit  Huctine  lorto  de  concretions." — Lck;.  cit  p.  S9I*  Si«?l»old  ^ufrgcsli  (xxir* 
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the  oral  abeath  immediatelj  in  front  af  the  mouth,  ap|iesred  to  mtt 
to  manifoat  tlie  conditions  of  tlie  ohactarj  orgMi  loare  obviao^y  tlias 

do  those  sliort  boUow  internallj  lamellated  processes  whkh  profeet 
from  the  outside  of  the  lithd  b^ueuiU  the  ejres.  If,  howereTt  the 
cavity  with  tumid  margins^  opening  near  the  eye  of  the  bigba^  Ce* 
phah>podd,  be  actually,  as  Kolliker  conjectures^,  the  olfACtoirj  otgtOi 
V'uleiicitinnes'  idea  of  the  sub-ocular  hollow  proceasea  may  bo  tfae 
true  one. 

The  complex  and  well  developed  tongue  of  tlio  pearly  Nauliltti 
exhibits  in  the  papilla;  of  its  anterior  lobcj  and  in  the  soft  ridges  of 
its  root,  the  reiiuisite  structure  fur  the  exercise  of  some  d^ree  of  lutb 
The  papilla:  tipon  the  exterior  surface  of  the  two  large  ooai£iteBt 
digital  processes  forming  the  hood  and  of  the  two  digttations  next  h 
sixe  inunedlately  beneath  them,  form  a  remarkable  character  in  the 
Nautilus,  on  account  of  their  obvious  similarity  to  tactile  paptJJ^t 
but  the  sense  of  touch  must  be 
specially  exercised  by  the  nu- 
merous cephalic  tentacle^  which 
from  their  softness  of  texture,  and 
especially  their  laminated  inner 
surface  (^g,  216,  c,  /),  are  to  be 
regarded  as  organs  of  exploration  If  J 
not  less  than  as  instruments  of  ^ 
prehension. 

The  calcareous  extremity  of  the 
upper  mandible  is  sharp-pointed 

and  solid  to  the  extent  of  five  lines.    The  lower  mandible  is  i 
with  a  tbinaer  layer  of  the  hard  white  substance,  which  fomis  a  i 
tated  margin.  The  fossils  termed  **  rhyncholites,"  are  the  homolofufes 
of  these  ctilcarcous  extremities  of  the  beak  in  cognate  extinct  c 
lopods.     The  muscular  subspherical  mass,  which  supports  and  lu 
the  mandibles,  is  provided  with  four  retractors,  and  can  be  protru«kd 
by  a  strong  semicircular  muscle,  which  is  continued  from  the  mr. 
of  one  of  the  inferior  labial  processes  over  the  mandibles  and 
retractor  muscles  to  the  labial  process  of  the  opposite  side* 

The  tongue  is  supported  by  a  horny,  slightly  curved,  and  trmi- 
versely  striated  plate.  The  lleshy  substance  of  Uie  tongue  fonns 
three  distinct  papillose  caruncles  anteriorly,  into  which  tlie  retmctor 
muscles  are  inserted.  The  dorsum  of  the  tongue  is  incased  by  a  thin 
layer  of  horny  matter,  supporting  four  longitudinal  rows  of  reotirved 
spines ;  behind  which  the  surface  is  again  soft  and  papillose-  Tw«» 
broad  dupiicature^  of  mucous  membrane  project  furvvatdd  from  th4 
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sides  of  the  pharynx ;  they  each  include  a  simple  layer  of  saliTary 
follicles,  the  secretion  of  which  escapes  by  a  single  perforation  in  the 
middle  of  the  process. 

The  lining  membrane  of  the  pharynx  is  disposed  in  numerous  longi- 
tudinal folds,  where  it  begins  to  contract  into  the  oesophagus.  This 
tube,  hairing  passed  through  the  nervous  collar,  dilates  into  a  capacious 
crop,  from  the  bottom  of  which  a  contracted  canal,  half  an  inch  in 
length,  is  continued  to  an  oval  gizzard.  The  intestine  commences 
near  the  cardiac  orifice,  and  soon  communicates  with  a  small  round 
laminated  pouch,  through  which  the  biliary  secretion  passes  to  the 
intestine.  This  canal  forms  two  abrupt  inflections,  and  terminates  in 
the  branchial  cavity  near  the  base  of  the  funnel  close  to  the  probos- 
cidian end  of  the  oviduct 

The  epithelium  of  the  oesophagus  and  ingluvies  is  developed  into  a 
thick  cuticular  membrane  with  minute  ridges  in  the  gizzard.  In  the 
specimen  dissected  by  me  the  crop  and  gizzard  were  laden  with  the 
fragments  of  a  small  crab,  the  pieces  being  more  comminuted  in  the 
gizzard. 

The  liver  is  a  bulky  gland,  extending  on  each  side  of  the  crop  as 
low  down  as  the  gizzard;  it  is  divided  into  four  lobes,  connected 
posteriorly  by  a  fifth  transverse  portion :  the  lobes  are  subdivided 
into  numerous  lobules  of  an  angular  form.  The  secretion  of  the  bile 
is  derived,  as  in  other  moUusks,  from  arterial  blood ;  it  is  conveyed 
from  the  liver  by  two  main  trunks,  which  unite  into  one  duct,  about 
two  lines  from  the  laminated  sac  The  bile,  having  entered  the  sac, 
is  diverted  by  a  peculiar  development  and  disposition  of  one  of  the 
laminffi  from  flowing  towards  the  gizzard.  The  follicular  structure  of 
this  and  the  other  folds  of  membrane  indicate  their  glandular  character; 
and  the  entire  laminated  pouch  may  be  considered  as  a  more  developed 
form  of  pancreas  than  the  simple  caecum  which  represents  that  gland 
in  some  of  the  Gastropods.  No  other  foreign  secretion  enters  the 
alimentary  canal,  as  there  is  not  any  ink-gland  in  the  Pearly  Nautilus. 
The  heart  and  large  vessels,  with  their  follicular  appendages,  are 
contained  in  a  large  cavity,  subdivided  into  several  compartments^ 
which  I  have  termed  pericardium ;  it  is  separated  from  the  branchial 
cavity  by  a  strong  membranous  partition,  in  which  the  following  ori- 
fices are  observable.  In  the  middle  the  termination  of  the  rectum, 
to  the  left  of  this  the  orifice  of  the  oviduct,  and  on  each  side  at  the 
roots  of  the  anterior  branchiae  there  is  a  small  mamillary  eminence 
with  a  transverse  slit,  which  conducts  from  the  branchial  cavity  to 
one  of  the  compartments  of  the  pericardium  containing  two  clusters 
of  venous  glands.  There  are  also  two  similar,  but  smaller,  slits  con- 
tiguous to  one  another,  near  the  root  of  the  posterior  branchia  on 
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eiteli  ttde,  whieli  lead  io^  and  maj  udmii  Aea^-water  iolo^  ilia 
gneati  eantaining  the  podterior  duaters  of  t2i6  ▼enoias  IblUdhia. 
The  Tcnaaa  branches,  &om  the  labial  and  distal  lentMk 
adjacent  parts  of  the  head  and  month,  terminate,  with  tlioia  titm  I 
funnclf  in  the  sin  as,  partly  excavated  in  the  bodjr  of  the  cmrtUi^paoai 
rii<iletan,  and  in  part  continued  round  the  mnophmi^MiB,  Frooi  tloi 
alnu^  the  great  irena  cava  (^.  217»  a)  Is  oontiiiQedp  ruontng  in  the 
inti»vpaoe  of  the  sholUmi&Bclea  on  the  Tentral  ft^ct  of  the  abdoodaal 
iir 


cavitji  and  terminating  within  the  pericardium  by  a  slight  dtlatatioo 
(e)f  which  receives  by  two  veins  (d)  the  blood  from  the  different 
viscera.  The  vena  cava  is  separated  by  a  layer  of  decussating  mus* 
cular  fibres  from  the  abdominal  cavity,  which  closely  adheres  to  the 
parietes  of  the  vein.  There  are  several  small  intervals  left  betwei^^| 
the  muscular  fibres  and  corresponding  round  apertures  (ft)  in  th^^ 
membrane  of  the  vein  and  peritoneum*  This  communication  with 
the  diffused  sinuses  occupying  the  general  abdominal  cavity,  is  similar 
to  that  already  noticed  lu  the  Aplypia*:  M.  Vak»nciennes  detected 
the  same  structure  in  the  specimen  of  the  Nautilus  dissected  by  htm.f 
The  branchial  circulation  may  be  considered  to  commence,  whim 
the  blood  again  begins  to  move  from  trunks  to  branches,  four  of 
which  trunks  are  coiitinued  from  the  terminal  venous  sinus  to  con- 
vey the  carbonised  blood  to  the  four  gills,  of  which  there  is  a  larger 
and  a  smaller  one  on  each  side.  Each  pair  of  giUs  is  connected  by 
a  common  peduncle  to  the  inner  surface  of  the  mantle ;  the  larger 
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branchia  consists  of  a  central  stem  supporting  forty-eight  vascular 
plicated  lamellas  on  each  side :  the  smaller  branchia  has  thirtj-six 
similar  lamellse  on  each  side. 

The  four  vessels  (/^  /)  continued  from  the  venous  sinus  have  at- 
tached to  them,  in  their  course  to  the  gills,  clusters  of  glandular 
follicles  {g,  g)  of  a  simple  pyriform  figure :  each  vessel  has  three 
clusters  of  such  glands  contained  in  the  membranous  receptacles 
above  mentioned.  The  walls  of  these  receptacles  exhibit  in  some 
parts  a  fibrous  texture,  apparently  for  the  purpose  of  compressing 
the  follicles,  and  discharging  the  contents  of  the  membranous  recep- 
tacles into  the  branchial  cavity,  by  the  apertures  above  mentioned  at 
the  base  of  the  gills.  Doubtless,  therefore,  the  glands  are  emunc- 
tories,  and  eliminate  from  the  venous  blood  an  excretion,  most  pro- 
bably urine.  Their  homologues  exist  in  the  higher  Cephalopod,  in 
which  they  are  considered  to  act  as  kidneys  by  Mayer ;  and  it  is 
more  probable  that  the  organs  of  so  important  an  excretion  should 
be  present  in  all  the  clasji,  than  that  they  should  be  represented  by 
the  ink-gland  and  bag,  which  are  peculiar  to  one  order. 

The  veins  {fyf)  extend  beyond  the  follicles  each  to  the  root  of  its 
respective  gill,  where  it  receives  a  small  vein.  At  this  part  there  is 
a  valve  (A)  which  opposes  the  retrogression  of  the  blood;  the  vessel, 
which  may  now  be  termed  branchial  artery,  penetrates  the  root  of 
the  gill  ({),  and  dilates  into  a  wider  canal,  which  is  continued  through 
the  soft  white  substance  forming  the  branchial  stem.  A  double 
series  of  branches  are  sent  off  from  the  lateral  lamellae,  which  ramify 
and  subdivide  to  form  the  capillary  plexus,  from  which  the  returning 
vessels  terminate  in  the  branchial  vein.  These  veins  (/,  /)  quit  the 
roots  of  the  gills,  and  return  to  terminate  at  the  four  corners  of  a 
subquadrate  transversely  elongated  ventricle  (m).  From  this  ven- 
tricle two  arteries  arise,  one  superior  and  small  (n),  the  other  in- 
ferior (r),  and  strengthened  by  a  muscular  bulb  {q)  to  the  extent  of 
nearly  half  an  inch.  An  elongated  pyriform  sac  (o)  is  attached  by 
a  contracted  origin  near  the  root  of  the  large  aorta,  and  dilates  to  a 
width  of  two  lines ;  then^  again  contracting,  becomes  connected  by 
its  other  extremity,  to  the  venous  sinus  :  it  contained  a  firm  coagu- 
lated substance.*  The  anterior  aorta  supplies  the  nidamental 
gland,  and  adjoining  part  of  the  mantle,  and  the  rectum  ;  then  bendff 
b.ick  to  form  the  small  artery  (/>),  continued  along  the  membranous 
siphon  («).  The  large  aorta  supplies  the  gizzard  and  ovary,  winds 
round  the  bottom  of  the  abdominal  sac,  sends  off  large  branches  to 
tlic  liver,  and  regains  the  dorsal  aspect  of  the  crop,  along  which  it 
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imifles  to  ihe  oBsopliaigtis,  dbtrlbuliiig  btvneliiei  on  oitlier  mAt  lo  I 
greftt  sbeU-muflclea.    It  bifurcatea  near  Ihe  begiimii^  ^  ^ 
pliagua,  and  terminAtes  by  fumisbirtg  braoebes  to  ibe  1BOlItl^  the 
emroundiog  parte  of  tUe  bead  and  fuanel. 

In  tho  male  Nautilus,  at  tbe  part  of  the  branchial  cmriij  where 
the  TulTa  opens  in  the  female^  there  ie  a  aborl  eoiiie  petuLs,  i 
bent  at  the  baeaa  towarde  the  Teotral  side*  harin^  an  obtiiAe  asid  j 
forated  spex  ;  a  very  narfow  canal  extends  from  this  aperture  Id  ibe 
base,  end  there  expands  into  a  |KNieh,  of  a  firm  parehmenl-lihe 
texture.  This  ponch  contained  a  oonglobale  tube  of  a  brown  cobor« 
of  little  more  than  a  line  in  diameter :  the  walk  of  the  tube  eoBiieirf 
of  an  external  transparent  membrane,  and  an  internal  thiekeir  tasia 
of  circular  fibres.  In  the  interior  of  the  tube  was  a  narrow  hwd 
dispoeed  in  elose  spiral  convolutions.  Between  the  spiral  band  and 
lobe  were  several  free  oblong  or  navicular  microscopic  eorpoaelis^ 
For  so  much  knowledge  of  the  male  oirgans  of  the  Nautilus — all  that 
soienoe  hitherto  possesses— we  are  indebted  to  Van  der  HoeTcn.* 

The  female  organs  of  the  Nautilus  consist  of  an  ovar^r,  an  oviduct, 
and,  as  in  the  Pectini branchiate  Gastropoda,  of  an  aeceaaorj  gland- 
nlar  nidumental  apparatus.  The  ovarj  (^^.  214,  «)  is  silitated  si 
the  bottom  of  tho  sac  on  the  right  side  of  the  gij»ard  in  a  peritoneal 
cavity  peculiar  to  itself*  It  is  an  obkiBf  efrnpreased  bodj,  one  inch 
and  a  half  in  lengthy  and  an  inch  in  breadth;  ooiiTex  towards  tbe 
lateral  aspect,  and  on  the  opposite  side  having  two  surfaces  sloping 
away  from  a  middle  longitudinal  elevation.  At  the  anterior  at>d 
dorsal  angle  there  is  an  orifice  about  three  lines  in  diameter^  with  a 
puckered  margin^  which  conducts  into  the  interior  of  the  ovarj.  II 
is  filled  with  numerous  oval  ovisacs  of  diHerent  sises,  whldi  are 
attached  by  one  extremity  to  the  ovarian  capsule,  but  are  free  and 
perforated  at  the  opposiito  end ;  are  smooth  exteriorly,  hut 
and  apparently  granular  on  the  inner  surface,  owing  to  nume 
minute  wavy  plica?  adhering  thereto.  The  largest  of  the 
were  four  or  five  lines  in  length ;  they  were  principally  at 
along  the  line  of  the  exterior  ridge,  at  which  part  the  nutrient  veaaels 
penetrated  the  ovary. 

The  oviduct  (/^.  214^  r)  is  a  flattened  tube  of  about  an  inch  in] 
and  from  four  to  five  lines  in  breadth ;  it  extends  forward  by  the  i 
of  the  intestine,  and  terminates  at  the  base  of  the  funnel  close  to  the 
anus.  It  becomes  enlarged  towards  the  extremity,  and  is  deeply 
furrowed  in  the  transverse  direction  both  within  and  without ;  the 
parietes  are  also  here  thick  and  pulpy,  and  apparently  glandular.     Il 


•  ccexc. 


CEPHALOPODA,  591 

is  probable,  however,  that  the  ova  derive  an  additional  exterior  co- 
vering and  connecting  substance  from  the  secretion  of  a  large  glan- 
dular apparatus,  which  is  situate  immediately  below  the  terminal 
orifice  of  the  oviduct.  This  apparatus  is  attached  to  the  mantle,  and 
gives  rise  to  the  two  rounded  convexities  observable  on  the  ventral 
aspect  of  the  bodj  behind  the  funnel.  It  is  a  transversely  oblong 
mass,  composed  of  numerous  close-set  pectinated  membranous  la- 
minae, which  are  about  a  quarter  of  an  inch  in  depth,  and  are  dis- 
posed in  three  groups ;  those  of  the  larger  group  extend  transversely 
across  the  mesial  line  of  the  body,  and  are  unprotected  by  a  mem- 
brane ;  but  the  two  smaller  divisions  are  symmetrically  disposed,  and 
have  the  unattached  edges  of  the  laminae  covered  by  a  thin  membrane, 
which  is  reflected  over  them  from  the  anterior  margin  of  the  glandular 
body.  These  divisions  form  the  sides  and  anterior  part  of  the  gland ; 
and  as  the  secreted  matter  must  pass  backwards  to  escape  from  be- 
neath the  margin  of  the  protecting  membrane,  this  membrane  may 
serve  both  to  conduct  the  secretion  nearer  the  orifice  of  the  oviduct, 
and  also  to  prevent  its  being  drawn  within  the  respiratory  currents  of 
water,  and  so  washed  away  as  soon  as  formed. 

In  contrasting  the  organisation  of  the  Nautilus  with  that  of  the  in- 
ferior Mollusca  treated  of  in  the  two  preceding  Lectures,  we  find  the 
main  advance  to  have  been  made  in  the  organs  of  animal  life. 

A  true  internal  skeleton  is  established  in  the  Nautilus,  and  thus  the 
lowest  Cephalopod  ofiers  an  approximation  to  the  Vertebrate  type, 
which  not  even  the  highest  of  the  Articulate  series  had  attained. 
Perfect  symmetry  now  reigns  throughout  the  animal  and  vital  organs. 
The  muscular  system  forms  a  larger  proportion  of  the  body,  with  va- 
rious arrangements  and  complications  unknown  in  the  lower  Ence- 
phalous  mollusks.  The  respiratory  tube,  though  still  completed  by 
the  overlapping,  not  by  the  coalescence^  of  its  side-walls,  has  re- 
ceived an  enormous  development  as  contrasted  with  the  siphonated 
Trachelipods ;  and,  by  its  powerful  muscles  and  their  firm  cartila- 
ginous basis  of  attachment,  it  is  evidently  endowed  with  a  new  func- 
tion, in  relation  to  propelling  the  Cephalopod  with  its  testaceous 
dwelling  through  the  sea. 

The  nervous  centres  concentrated  in  the  head  have  received  a 
marked  increase  of  bulk,  which,  nevertheless,  is  still  manifested  more 
strongly  in  the  inferior  masses,  and  especially  the  anterior  subceso- 
phageal  ring  than  in  the  superior  or  cerebral  part.  Here,  however, 
we  find  for  the  first  time  in  the  Molluscous  series,  especial  ganglions 
subordinated  to  the  greatly  enlarged  organs  of  vision. 

The  organs  of  reptation,  which  had  progressively  advanced  (as 
Lamarck*s  denomination  of  the  higher  Gastropods  indicates)  towards 
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the  Lead,  arc  cxcliiaiFelj  attached  to  that  pnn  hi 

project  frora  before  the  cjca  and  moiitb.    The  mou 

and  (q>iny  tongue,  is  now  served  by  organs  of  preben^ioo  ;  ftnd  it  ii 

most  interesting  to  observe  that  these  cepltalic  prelienstle  tentacsli, 

at  their  first  uppearance,  manifest  the  vegetative  character  in  their 

multiplied   rcpetitioD   and   comparative  simplicity^  compared  with 

Ihcir  bomologucs  in  the  superior  Cepbalopods. 

Some  of  the  Gastropods  have  a  pair  of  jaurs  working  upon  eadi 
Other,  but  in  the  bori^oDtal  plane,  as  in  insects:  in  tbe  Naiitilas  Ihef 
are  opposed  to  e^ch  other  vertically^  asin  the  Vertebrate  aeriea,  and  lliej 
present  a  form  which  is  repeated  amongst  fishes  by  the  Scari«  amcngit 
reptiles  in  the  Chelonia,  and  almost  universally  in  the  elmss  of  Bird& 
The  resemblance  to  the  Utter  class  which  the  Nautilus  offers  in  cJm 
modifieations  of  the  alimentary  canal  is  aho  remarkable* 

In  the  very  few  conchiferous  Gastropods  that  are  able  to  swim,  tbe 
shell  id  of  diminutive  size,  of  a  simple  form  and  structure,  aod  of  40 
extremely  light  and  delicate  texture.  The  strong  and  moscitlar  oc* 
cupant  of  the  Pearly  Nautilus -shell  would  not  have  been  abLe^  not* 
withstanding  its  higher  organisationi  to  have  risen  and  swam  oa  1 
surface  of  the  ocean  unless  it  bad  been  relieved  from  tbe  impediment 
its  large  and  dense  abode  by  the  introduction  of  some  specJaS 
dification  in  the  testaceous  structure. 

This  !£»  effected  by  the  adoption.  In  tlie  Nautilus,  on  a  more  defintK 
plan  and  larger  scale,  of  the  second  mode  of  dealing  with  tbe  part  t 
tbe  shell  successively  vacated  during  the  rapid  growth  of  the  ; 
which  has  been  defined  in  the  general  account  of  the  structu 
formation  of  univalve  shells  given  in  the  foregoing  Lectiure«* 
abdominal  part  of  the  mantle  of  tlie  Nautilus  is  attached  to 
inner  surface  of  tlie  shell  by  the  intervention  of  a  horny  or  epitbeli 
cincture,  the  expanded  lateral  portions  of  which  serve  as  ilie  mediu 
of  insertion  of  the  adherent  muscles  of  the  shell :  the  cavity  of 
shell  posterior  to  this  attachment  is  thus  hermetically  closed. 
third  point  of  attachment  is  to  the  bottom  of  iho  shell  by  the  poi»l 
terior  extremity  of  the  mantle,  which  probably  presents  a  come 
form  in  the  embryo  Nautilus.  The  line  of  attachment  of  both 
muscles  and  the  cincture  progressively  advances  with  the  growth 
tbe  animal.  A  certain  portion  of  tbe  fundus  of  the  shell  thus  bocofoet^ 
vacated,  and  the  Nautilus  commences  the  formation  of  a  new  plat« 
for  the  support  of  the  part  of  the  body  which  has  been  withdriwa 
from  the  vacated  shelL  The  formation  of  the  plate  proceed*  frtwn 
the  circumference  to  the  centre,  and  there  meeting  the  conical  pm- 
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cess  of  the  mantlt%  winch  retains  its  primitive  attachment,  the  calcifi'* 
cation  is  continued  backwards  for  a  short  distance  around  that  pro* 
cess,  which  now  fornns  the  commencement  of  the  membranous  siphon, 
and  acquires  the  poilial  protection  of  the  calcareous  tube.  An  air- 
tight chamber  is  thus  formed,  traversed  by  the  siphon,  which  per- 
forates its  anterior  wall  or  septum ;  hj  a  repetition  of  the  same 
processes,  a  second  chamber  is  formed,  included  wiihio  two  perfurated 
septa ;  and  similar,  but  wider  partitions  continue  to  be  added,  con- 
currently with  the  formation  of  the  new  layers  which  extend  and 
expand  the  mouth  of  the  shell,  until  the  animal  acquires  its  full  growth, 
which  13  indicated  by  the  body  having  receded  for  a  leas  distauce 
from  the  penultimate  septum  before  the  formation  of  the  last  septum 
is  begun. 

The  periodical  formation  of  these  septa  in  the  progress  of  growth 
18  analogous  to  that  of  the  projecting  external  plates  in  the  Wen- 
dletrap,  and  of  the  rows  of  spines  in  the  JMurex;  but  these  ex- 
ternal processes  consist  of  the  opake  calcareous  layer  of  the  shell, 
whilst  the  internal  processes  in  the  Nautilus  consist  of  the  nacreous 
layer  like  the  septa  in  the  Turritelk.  Thus  the  embryo  Nautilus 
at  first  inhabits  a  simple  shell  like  that  of  most  univalve  Mollusca, 
and  manifests,  according  to  the  usual  law%  the  general  type  at  tiie 
early  stage  of  its  existence  ;  although  it  soon  begins,  and  apparently 
before  having  quitted  the  ovum>  to  take  on  the  special  form* 

In  acquiring  the  camerated  structure  of  the  shell  the  Nautilus 
gains  the  power  of  rising  from  the  bottom  and  the  requisite  condition 
for  sxviraming  ;  by  tlie  exhalation  of  some  light  gas  into  the  deserted 
chambers  it  attaches  to  its  otherwise  too  heavy  body  a  contrivancw 
for  ascending  In  its  atmosphere,  as  we  ascend  in  ours  by  the  aid  of 
a  balloon.  But  tlio  Nautilus^  superior  to  the  human  aeronaut, 
combines  with  the  power  of  elevating  and  suspending  itself  in  the 
aqueous  medium,  that  of  opposing  its  currents  and  propelling  itself 
at  will  in  any  direction*  It  possesses  the  latter  esaeDtial  adjunct 
to  the  utility  of  the  balloon  as  a  locomotive  organ,  by  virtue  of  the 
muscular  funnel,  through  which  it  ejects  into  the  surrounding  water, 
doubtless  with  considerable  force*  the  respiratory  currents. 

It  appears  that  the  proportion  of  the  air-chambers  to  the  dwelling 
chamber  of  the  Nautilus  and  its  contents,  is  such,  ns  to  render 
It  of  nearly  the  same  specific  gravity  na  the  surrounding  water. 
The  siphon^  which  traverses  the  air-chambers,  communicates  w^ith 
the  pericardium,  and  is  most  probably  filled  with  fluid  from  tliat 
aquiferous  cavity. 

Dr,  Buckland*  conjectures  that  the  Nautilus  may  possess  the  power 
•  CCCXCIL  p.  32S. 
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of  ejecting  suoli  fluid  into  the  siplioii,iind  thereby  c 
gfts  of  the  chambers  and  incrensing  the  specific  gn 
Such,  indeed,  were  the  siphon  diliit«blt^,  wouhl  be  tbe  fuittirml  eA 
of  the  contraction  of  the  animal  within  its  shell.  The  c^ooseqnel 
preflsure  of  the  dense  anterior  muscular  segmeot  up<»a  the  id 
and  yielding  Yideeral  cavit^r,  resisted  at  the  same  time  hy  tl 
unyielding  j>osterior  plate  at  every  pointy  save  that  from  which  tl 
siphon  was  continued,  would  propel  into  that  tube  as  much  fluid  asi 
might  be  capable  of  receiving.  These  consequences  would  folb( 
the  instinctiTe  retraction  of  the  animal  when  itlartned;  and  if  tlM 
should  take  place  while  it  was  floating  on  the  surface,  it  would  id 
mediately  begin  to  descend.  If,  desiring  to  rise  again  from  tk 
bottom,  the  Nautilus  i^hould  protrude  its  body  from  the  mouth  of  tli 
shell,  extend  the  folds  of  its  mantle,  and  spread  abroad  ita  tentacttll 
it  would  withdraw  the  pressure  from  the  abdomen,  and,  by  the; 
advancing,  create  a  tendency  to  a  vacuum  in  the  posterior 
the  jhell.  Tlie  fluid  in  the  siphon  would  then,  if  that  tube  were 
tractile,  return  into  the  pericardial  cavity,  the  gas  in  the  cli 
would  expand,  nnd  the  specific  gravity  of  the  animal  be  suffii 
diminished  to  cau^e  the  commencement  of  its  ascent,  wbtch 
doubllesa  be  accelerated  by  the  reaction  of  the  respiratory  cu\ 
upon  the  water  below- 

Neither  the  contents  nor  the  vital  properties  of  the  siph 
however  yet  known :  an  artery  and  vein  are  assigned  for  its  lif^ 
nutrition,  and  to  extend  a  low  degree  of  the  same  influence  to  ihi 
surrounding  shell :  but  the  structure  of  tbe  membranoua  siphon^ 
in  the  specimens  from  whirh  1  have  had  the  opportunity  of  exa-» 
mining  it  in  a  recent  state,  presents,  beyond  tlic  first  chamber,  aa 
inextensibhi  and  almost  friable  texture,  apparently  unsusceptible  of 
dihilation  and  contraction:  it  is  also  roated  beyond  the  extremity  of 
the  short  testaceous  siphon  with  a  thin  calcareous  deposit*  A  graver 
objection  to  tho  hydrostatic  action  of  the  siphon  is  founded  upon  its 
ptructur©  in  certain  extinct  species  of  Nautilus,  as  the  N.  Sipho^  n^ 
wliich  it  id  provided  through  its  whole  extent  with  an  inflexible  outer 
cf\lcareou»  tube,  render]  tig  it  physically  impossible  that  the  gas  of  the 
chambers  could  be  alfceted  by  any  difference  in  the  quantity  of  Buid 
contained  in  the  t«iphon.  In  the  Nautrlns  striatus,  also,  the  ealcareoui 
siphon  is  a  continous  tube,  slightly  dilated  in  each  chamber. 

From  these  facts  I  incline  to  the  conclusion,  tliat  the  sole  function 
of  thti  air-chambers  is  tlmt  of  the  balli>on>  and  that  the  power  which 
the  animal  enjoys  of  altering  at  will  its  specific  gravity,  must  be, 
analogous  to  that  possessed  by  the  fresh-water  testaceous  Gastropods, 
and  that  it  depends  chiefly  upon  changes  in  the  extent  of  the 


whicli  !he  soft  pftrts  expose  to  tlie  water,  occorcling  as  they  may  he 
expanded  to  the  otmoSt  and  spread  abroad  bejond  the  aperture  of 
the  sholl,  or  be  contracted  into  a  dense  mass  within  its  cavity.  The 
Nautilus  would  likewise  possess  the  additional  advantnge  of  pro- 
ducing a  sHglit  vacuum  in  the  posterior  parts  of  the  cliamh^r  of 
occupation  which  is  shut  out  by  tbo  horny  cincture,  and  musclea  of 
adhesion  from  the  rest  of  that  cavity. 

Whatever  additional  advantage  the  existing  Nautilus  might  derive, 
by  the  continuation  of  a  vascular  organised  raenjbranous  siphon 
through  the  air-chambers •,  in  relation  to  the  maintenance  of  vital 
harmony  between  the  soft  and  testaceous  parts,  such  likewise  must 
have  been  enjoyed  by  the  numerous  extinct  species  of  the  tctra- 
branchiate  Cephalopods  which,  like  the  Nautilus,  were  lodged  in 
charubered  and  siphoniferous  shellst 

If  the  Nautilus  extended  itself  in  n  straight  line  during  its  growth* 
instead  of  revolving  round  an  imaginary  axis,  a  straight  conical  sliell 
would  be  produced,  with  the  chambered  part  divided  by  simple  septa 
concave  next  the  outlet     Such  are  the  more  obvious  characters  of 
the  fossil  sliells  called  Orthoceratites,     The  siphon  is  usually  central, 
but  sometimes  marginal ;  it  is  testaceous  throughout,  and  sometimes 
moniliforra  or  dilated  at  each  chamber  :  this  structure*  Dr.  Buckland 
remarks,  would  admit  of  the  distension  of  a  membraneous  siphon. f 
Mr-  Stokes  J  has  discovered  in  a  species  of  Orthoceralite  {Aciuio- 
ceras)  from  Lake  Iluron^  a  second  slender  calcareous  tube  included 
within  the  moniliform  siphon,  which  shows  no  oorresponding  partial 
dilatations,  but  is   connected  to  the  external   siphon  by  successive 
series  of  radiating  plates;  the  inner  siphon  was  probably  produced 
by  a  calcification  of  the  membranous  siphon,  and  of  processes  con- 
tinued fi'om  it  at  regular  intervals*     The  complex  siphons  of  these 
Orfhocerw  are  of  great  relative  capacity.     In  Ormoceros  the  siphun- 
culur  beads  are  constricted  in   tlie  middle.      In    Gomphocrras  tfie 
shell  is  fusiform  or  globular,  tapering  towards  the  aperture  of  the 
last  chamber,  which  is  much  conlracted,  so  as  to  suggest  that  the 
soft  parts  could  not  have  been  wholly  retracttble  into  tliat  chamber* 
Tlie  chevron-shaped  coloured  bands  preserved  on   OrtAocerai  an- 
(fidifrrum  show  that  tbe  shell,  like  that  of  Nnutihut^  was  external- 
The  OrthoctratitcM  are  nbunduntly  and   widely  diffused  through  the 
pula^oy.oic   rocks :    specimens  of  the   Ort/tovfrtu  giijanieum^  of  the 
li^ngth  of  six  feet,  have  been  discovered  in  the  carboniferous  limc- 

•  LXXXIV,  p.  331,  (1843).  According  to  Vrohk  (CCCXCIIl.Xthc  gat  with 

wUicIt  cIk*  chamtierA  are  filled  eoasists  cliiefly  of  niirogent  vrithout  a  tracre  of 
carbonic  aetd. 

t  CCCXCII.  p  S64.  J  CCCXCV.  p.  705. 


696 


t,ECTURE    XXin* 


temperature 


Btone  in  DarofriesiiUire :  ihej  indicate  a  high 
then  existing  climate}  of  that  northern  latitude. 

I  have  already  ntUided  to  the  slightly  undulating  contour  of 
margins  of  the  septa  in  the  Nautilus,  which  makes  the  stir£ice 
the  aperture  of  the  shell  convex  at  one  part  and  concavo  at 
In  an  extensive  genus  of  extinct  chambered  shells  called  ** 
monites,*"  no  example  of  which  has  been  discovered  in  strata 
recent  than  the  chalk,  but  which  were  exemplified  under  a  rich 
rersity  of  forms  before  their  final  dtsappe&ranee,  the  aintio^ij  of 
margins  of  the  septa  is  much  greater,  and  most  of  the  surface 
the  outlet  is  convex  :  the  siphon  perforates  the  aepta  at  tlieir 
in  extremely  few  species,  and  in  the  rest  is  situated  at  that 
which  is  next  the  outer  or  ventral  curve  of  the  ahell-* 
chambered  sheik  thus  characterised  arc  straight,  like  the  Orihoeai*' 
titeSf  but  generally  compressed,  with  their  numerous  septa  joining  t^ 
outer  shell  by  foliated  dentations  :  they  are  termed  BaettiiUt.  Jm 
the  ^ue  Ammofiitet  the  shell  is  discoid  and  coiled  upon  it^f  as  la^ 
the  Nautilus  ;  but  it  is  strengthened  by  arched  ribs  and  don:ie*ahi|iri 
elevations  on  the  convex  surface,  and  by  the  tortuous  windings  of  the 
foliated  margin  of  the  transverse  partitions.  Separate  e4i8ta  of  tht 
interior  of  the  tjhdmbera  are  not  unfrequently  obtained*  which  hava 
become  detached  by  the  solution  of  the  calcareous  walls  and  septa  of 
the  shell,  or  are  held  together  by  the  interlocking  of  the  dove-tiiM 
lobes  of  the  margins  of  the  chambent*  The  last  chamber  of  the  Ajb- 
monite  wns  of  targe  size,  as  in  the  Nautilusi,  and  doubtless  com 
all  the  soft  parts  of  the  animal  save  the  small  proportion  which 
prolonged  into  the  siphon.  The  aperture  of  the  inhabited  ch 
was  closed  by  an  operculum.  Certain  species,  described  by 
Pratt  f,  from  the  Oxford  clay,  were  characterised  by  the  productioa 
of  a  long  and  narrow  process  from  each  side  of  the  mouth  of  the 
shell,  indiciiting  a  corresponding  modification  in  the  lobes  of  th« 
mantle,  analogous  to  that  which  produces  the  auricular  appendages  of 
the  mouth  of  the  shell  in  certain  Argonauts,  The  same  gentlemin 
has  likewise  recently  shown  me  a  small  Ammonite,  in  which  the 
mouth  of  the  shell  is  arched  over  transversely  by  a  convex  plate  of 
calcareous  matter  continued  from  the  lateral  margins  of  the  outlet* 
and  dividing  tins  into  two  apertures,  one  corresponding  with  thai 
above  the  hood  of  the  Nautilus,  which  gives  passage  to  the  dorsal 
fold  of  the  mantle  ;  the  other  with  that  below  the  hood,  whence  issue 
the  tentAcle^,  mouth,  and  funnel ;  such  a  modi^eation,  we  may 
presume,  could  not  take  place  before  the  termination  of  the  growth 

*  The  disArction  of  tbe  Nautilus  proved  thikt  what  had  been  called  the  rentnl 
purt  of  the  i&mmonite  wiiib  the  thrsal 
f  Aiinal*  of  Niu.  Hint,  NoTcmber,  1841. 
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of  the  individual.  This  structure  reminds  one  of  Gomphoceras ;  to 
which  illustration  may  now  be  added  the  more  remarkable  instance  of 
the  Rhizochilus,  a  siphonated  univalve,  in  which  both  the  outer  and 
inner  lip  of  the  shell-aperture  is  extended,  so  as  to  cement  the  shell 
to  the  axis  of  a  coral  {Anttpathes  ericoides)^  or  to  another  shell,  and 
at  length  to  reduce  the  aperture  to  the  slender  tube  of  the  anterior 
siphon  of  the  mantle, — the  sole  medium  of  entry  and  exit  of  the  re- 
spiratory currents,  and  of  the  nutritive  and  excretory  purticles. 

The  TurrilUe  is  essentially  an  Ammonite  disposed  in  spiral  coils. 
The  Hamite  and  Scaphite  are  other  modifications  of  the  outward 
form  of  similarly  constructed  chambered  shells :  in  the  former  the 
small  extremity  of  the  shell  is  curved,  the  rest  being  straight ;  in  the 
latter  both  ends  are  curved  towards  each  other  like  those  of  a  canoe. 

With  none  of  these  species  has  there  ever  been  found  a  trace 
of  the  ink-bag ;  a  part,  indeed,  of  so  delicate  a  texture  that  some 
surprise  may  be  naturally  felt  that  any  evidence  of  its  existence  could 
be  expected  to  be  met  with  in  a  fossil  state. 

I  shall,  however,  conclude  this  Lecture  by  bringing  before  you  ex- 
amples in  which  not  only  the  ink-bag,  but  the  muscular  mantle,  the 
fins,  the  eyes,  and  the  tentacles  and  their  horny  hooks,  of  extinct 
Cephalopods  have  been  preserved  from  the  remote  periods  of  the 
oolitic  deposits  to  the  present  time.  Independently  of  these  and 
many  other  examples  of  the  durability  of  the  inky  secretion  of  the 
gland  which  is  peculiar  to  the  naked  Cephalopods,  the  absence  of 
the  organ  in  the  shell-clad  Nautilus,  too  well  protected  to  need  such 
means  of  temporary  concealment,  would  lead  to  the  inference  that  the 
ink-bag  must  have  been  absent  in  the  other  low-organised  Cepha- 
lopods covered  by  chambered  siphoniferous  shells. 

A  more  complicated  fossil  shell  than  any  of  the  preceding,  but 
allied  to  them  by  the  camerated  and  siphoniferous  structure  of  one 
of  its  constituent  parts,  once  occasioned  much  perplexity  amongst 
palaeontologists;  the  evidence  of  its  nature  has  however  for  some 
years  been  in  the  main  sufficient  to  determine  its  affinities,  about 
which  there  now  appears  to  be  no  difference  of  opinion.  The  shell 
to  which  I  allude  is  that  called  the  "  Belemnite,"  which  is  associated 
with  the  more  obvious  congeners  of  the  Nautilus  through  a  consider- 
able range  of  the  secondary  rocks.  It  makes  its  first  appearance, 
with  Teudopsis  and  Celano,  in  the  Lias,  as  the  precursors  of  the 
Calamaries  and  Cuttles. 

The  chambered  part  of  the  shell  of  this  extinct  Cephalopod  has 
the  form  of  a  straight  cone  (^g.  218,  b)y  the  septa  being  numerous, 
with  a  sliglit  and  equable  concavity  directed  towards  the  outlet  or 
base  of  the  cone.     The  intervening  chambers  are  so  shallow  that 
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the  »cpta  have  been  com  pared  to  m  pile  ot 
watch-glati^'S.      Tbejr    are 
marginal  siphuncle.      The  se; 
composed  of  nacreous  substancpi 
Wjer  of  opake  and  friable  calcareous  matter 
on  both  surfaces,  and  the  entire  oone  is  en* 
Yeloped  in  a  sheath  of  opake  calcureous  mat- 
ter lineal  with  nacreous  eubslance,  and  having 
on  ihe  outer  surface,  or  there  degenerating  j|^ 
into,  A  pellicle  or  thin  lajer  of  a  hornj  sub* 
stance.     This  e^ential  characteristic  of  the 
Belemnitic  shell  h  called  the  "  phragmocone.* 
Its  hornj  or  albunitnoud   tidsue  is  continued 
forwards   bejoud    its   base,    and    forms    the 
parietes   of    a   cavity    («)   containing    some 
of  the  Tiscera  of  the  aniroaK     In  sotne  spe- 
cimens^ two  blade-shaped    processes  of    al- 
bumino-nacreous  matter  are  prolonged  for- 
wards from  the  dorsal  side  of  the  phragroo- 
cone*     This  chambered  part,  with  its  sheath, 
in    lodged  in  a  conical    cuvity    or   alveolus • 
excavated  in  the  base  of  a  conical  or  fusi- 
form, sometimes  compressed,  usually  long  and 
apathose  body  (c),  resembling  the  head  of  a 
dart   or  javelin,  whence  the  name  *'  Belem- 
nite,"  applied  to  this  genus  of  ex^tinct  Cepha- 
lo polls.      Ill  is  slieath  or    "  ^unrd  "   of  the  chambered  cone  is 
commonly  found  detiiched  from  the  rest  of  the  shell,  with  iu 
aveolar  portion  fractured,  especially  if  fasiform,  as  tn  the 
Belemnites,  when  it  is  pointed  at  Iwith  ends.     In  Ihia  stule  tl 
been  mistaken  for  the  spine  of  an  Kthiiioderm. 

In  the  typical  Belemnites  with  a  spathose  guard,  this  consists  of 
auccessive  layers,  of  which  the  exterior  ones  run  parallel  with  the 
outer  surface,  and  progressively  increase  in  length  as  they  approach 
it,  thus  forming  the  conical  cavity  for  the  lodgment  of  the  chambered 
cone.  The  innermost  or  first- formed  layers  of  the  guard  are  not 
parallel  with  the  outer  ones,  hut  recede  from  tliem  at  their  upper 
extremity,  where  they  form  a  point,  and  sometimes  a  dilated  oucletis, 
in  contact  with  the  tipex  of  the  chambered  cone.  The  interspace 
thus  left  l>etween  the  ear(y  and  the  lator  strata  of  the  guard  is  occu- 
pied by  the  coarse  calcftreous  matter  continued  from  the  sheath  of  Uie 

•  l*hf?  ii'trn  nU'e<>hv^  ha**  lueen  given  improperly  to  the  contenn  of  the  ac»ekcl» 

vtx.,  to  the  'Vphragmocotic." 
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cluimbered  cone,  and  a  fifatnentary  prucesd  of  apparently  the  aaiuts 
matter  is  continued  down  tlte  centre  of  the  guard  to  its  aper. 

The  strurture  of  the  spat  hose  layers  of  the  guard  h  fibrous  ;  the 
fibres  bein^  directed  at  right  angles  to  the  plane  of  the  strata:  viewed 
in  thin  sections  by  transmitted  light  it  bears  a  close  resemblance  ta 
that  of  the  teeth  of  Pycnodont  fishes ;  but  certain  proportions  of  the 
transverse  fibres  are  apt  so  to  intercept  the  light  as  to  cause  the 
appearance  of  elongated  triangular  dark  specks,  with  their  apices  di* 
reeled  on  one  surface  of  the  section  to  the  periphery,  and  on  the  other 
surface  to  the  centre  of  the  guarJ.*  The  microscopic  structuiv^ 
which  resembles  thiit  of  the  Pinna,  proves  this  aggregation  of  sub- 
transparent  calcareous  matter  to  he  the  efluct  of  original  formation, 
and  not,  as  W&lsh^  Parkinson,  and  Lamarck  supposed^  of  infiltration 
of  mineral  substance  into  an  originally  light  and  jmrous  texture.  A 
section  of  a  Belemnite,  in  which  tlie  chambers  of  the  cone  liave  been 
filled  with  crystalline  matter  inJiltrutcd  from  the  water  of  the  stratum 
in  which  the  dead  shell  was  imbedded,  a  fiords  a  favourable  oppor- 
tunity of  contrasting  the  crystalline  condition  of  the  infiltrated  matter 
with  the  organised  texture  of  the  solid  guard. 

The  exterior  surface  of  this  guard  always  exhibits^  when  entire, 
traces  of  vascular  impresstous :  it  is  sometimes  granular,  and  presents 
other  modifications,  which  prove  that  it  was  covered  by  an  organised 
membrane  in  the  living  Cephalopod.  I  have  occasionally  seen  the 
remains  of  a  mofe  immediate  investment  by  a  thin  friable  layer  of 
calcareous  matter  analogous  to  that  of  the  outer  layer  of  the  sheath  of 
the  chambered  cone,  with  which  layer  it  becomes  continuous.  The 
exterior  of  the  spathose  guard  is  generally  impressed  with  a  longitu- 
dinal groove  extending  from  the  apex  upwards,  sometimes  along  the 
Tentral  {GastrQcasli),  sometimes  along  the  dorsal  side  (Nai{>cwti),  In 
gome  of  these  the  exterior  of  the  guard  is  impressed  with  two  oppo- 
aite  longitudinal  channels  in  addition  to  the  dorsal  groove:  the  un- 
grooved  Belemnitcj  form  the  tribe  called  AatJL 

Tlie  septa  of  the  chambered  cone  are  perforated  by  a  marginal 
siphon,  situated  in  most  Ikdemnites  od  the  side  which  is  nearest  tlie 
dorsal  line,  or  groove;  but  in  certain  species  of  Belemnites,  charac- 
terised by  the  flattened  form  of  the  spathose  guard,  the  siphon  is  on 
the  opposite  side.  These  Belemnites,  which  at  first  sight  look  like 
distorted  or  accidentally  compressed  specimens,  are  peculiar  to  certain 
members  of  the  greensand  formation,  called  the  "older  Neoconuan.'* 

Specimens  of  Belemnites  have  been  discovered  in  which  the  spa- 
those guard  has  been  fractured  during  the  lifetime  of  the  animal ; 
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hut  the  lirokdit  pertloiii  have  been  held  together  bj 

orgiitiised  integument^  and  hare  been  rennited  by  Uie  depositkit  of 

new  lay  em  of  the  fibrous  gtructore  peculiar  to  the  guiird** 

The  existence  of  a  caraerated  and  BipUoniferoiiB  atmctiire  oo  Ihif 
complex  and  remarkable  shell,  induced  most  aoolo^ste  to  ckwa  it  willi 
the  Amnonitet  and  other  more  simple  chambered  ahella.  Mr.  Ifillar 
faariog  detected  eTidence  of  the  internal  position  of  the 
the  exterior  characters  of  the  guard,  first  rentured  opoQ  a 
restoratioD  of  the  entire  animal  f ;  and  as  only  the  dlbraachkUe 
of  Cepbalopods  was  then  known^  he  placed  it  in  the  bodljr  of  a  Ckb* 
miry  (l^ciifio),  assigning  to  the  terminal  fios  tbe  office  orclaapiiig  Ihf 
gaud  and  retaining  it  in  its  proper  portion. 

The  firift  evidence  that  bore  direcUjr  upon  the  poatdon  of  Ibe  Be- 
lemnite  in  the  Ce[ihalopodic  class  was  detected  by  Drs.  BuckUnd  aal 
Agassis  in  specimens  of  Belemnite  from  Lyme  Be^^  id  which  lbs 
fossil  ink-bag  and  duct  was  presenred  in  the  basal  ehacober  of  the 
phragmocone.  We  must  connect  with  this  fortunate  discorery  the  im* 
portant  fsct,  that  remains  of  an  ink-bag  hare  nerer  been  met  with  is 
connection  with  any  of  the  more  simple  or  typical  forms  of  ebantbered 
sbells :  we  know  tliat  the  ink-bag  does  not  exist  in  the  recent  Kanlalttf; 
and  it  will  be  shown  in  the  following  Lectore  that  it  is  pretsent  ta  aD 
the  existing  Ceplmlopods  which  possess  more  or  leas  rudiaaenlal  ia« 
temol  shells.  I  may  here  anticipate  a  few  remarks  cm  Ibe 
of  co-existence  of  the  ink*bag  with  the  organisation  of  the 
Cephalopods.  These  highly  organised  species  enjoy  active 
of  locotnotioni  which  would  be  incompatible  with  the  incumbraiiee ef 
a  large  external  protecting  shell ;  but,  to  compensate  for  the  winttif 
this  defence,  nature  has  provided  them  wiih  the  power  of  aecretiiig 
an  inky  fluid,  which,  when  alnrmed,  they  eject  into  the  surrounding 
water,  and  are  conccnled  by  ibo  obscurity  which  ihey  thna  oooa- 
sion.  The  branchial  character  of  the  naked  Order  of  Cepbalopods  IS 
an  essential  condition  of  their  muscuhir  powers.  The  presence  of  an 
ink-bladtler,  therefore,  in  the  extinct  Belemnites,  would  ha¥c  impUed 
the  internal  poaition  of  the  shell,  even  if  other  proof  had  been 
wanting ;  and,  by  the  laws  of  correlation,  it  implies  likewise  the 
presence  of  tlio  muscular  forces  for  rapid  swimming,  and  the  con- 
comitant conditions  of  the  respiratory,  the  vascular,  and  the  nenrotti 
systems*  Connecting,  therefore,  all  these  considerations  with  the 
detection  of  t]»c  ink-bag  in  the  shell  of  the  litlcmnilej  I  could  not 
hositiitc  in  referring  the  Bcleninitef!,  and  likewise  the  Spirula,  on 
account  of  the  ascertained  internal  position  of  its  shell,  to  the  Di* 

•  Duvjil-Jouve,  Memoire  suf  k*  BiJenmites.    4lo.    1841.  pL  x< 
t  Geological  Transactions,  N»S«  voi  ii«  p  45.  pi  ix.     !S2a. 
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IrancLiate  order ;  and  I,  tberefore,  aepurated  lliesc  chambered  and 
siphoniferoua  shells  from  the  Nautilus  and  the  Atninunites  in  the 
Cliissiiication  of  the  Cephahpoda  proposed  in  1836»* 

Leopohl  Von  Buch,  who  believed  that  he  could  trace  in  certain 
ilabd  coBtaining  Belemnites  the  impresaiona  of  the  Cephalopoda  to 
which  they  belonged,  concluded  '*  that  the  body  of  the  animal  enve- 
loped the  greater  part  of  the  shell,  and  exceeded  its  length  by  eight 
or  ten  times.**  f  Other  considerations,  taken  from  the  shell  itself, 
prove,  as  has  already  been  shown,  that  it  was  wlioUy  intcmaL 

M.  Duval,  the  latest  and  most  accurate  author  on  fossil  Belemnites, 
reproduces  the  figure  which  M*  D'Orbigny  haa  published,  and  which 
id  easentialiy  the  same  as  that  given  by  l>r<  Buekland  in  his  Bridge- 
water  Treatise  ;  and,  like  it,  differs  from  Mr*  Miller's  restoration, 
only  in  the  position  of  the  ink-bag  and  in  the  extended  state  of  the 
terminal  fins.  With  respect  to  these  parts,  M.  Duval,  from  his  dis- 
covery of  the  united  fractures  of  the  spathose  guard,  objects,  with 
much  acumen,  that,  if  the  fins  of  the  Belemnite  had  been  placed  at 
the  side  of  the  guard,  they  must  have  been  rendered  useless  by  its 
fracture,  and  the  creature,  thus  deprived  of  its  power  of  swimming, 
would  soon  have  fallen  a  prey  to  its  numerous  enemies,  and  would 
not  have  survived  to  exemplify  the  reparative  powers  of  those  ancient 
j  Cephalopods.  It  seemed  vain  to  hope  that  the  soundness  of  the 
'principles  on  which  the  clasaificatioii  of  the  Belemnites  with  the 
dibrancbiate  Cephalopoda  had  been  definitely  proposed,  should  ever 
be  vindicated  by  an  example  of  parts  apparently  so  perishable  as  the 
mantle,  the  fleshy  arms  and  fins  of  these  MoUusca,  I  have,  however, 
been  enabled  to  examine  and  describe  a  fossil  specimen,  in  which 
not  only  the  ink-bag,  but  the  muscular  mantle,  tlie  head,  and  its  crown 
of  arms,  are  all  preserved  in  connection  with  the  most  essential  cha- 
racteristic of  the  Belemnitic  shell,  viz.,  the  phragmocone.  J  It  appears 
to  have  been  the  peculiar  property  of  the  matrix,  in  which  this  and 
many  similar  valuable  and  instructive  specimens  were  entombed,  to 
favour  the  conversion  of  the  muscular  tissue  into  adipocire,  and  its 
subsequent  preservation  to  the  present  time.  Yet  this  matrix  is  a 
member  of  the  Oxford-clay  formation,  belonging  to  the  middle  oolite 
system ;  older,  therefore,  than  the  Portland  stone,  the  Wealden  and 
the  Cretaceous  group*  The  Ceplmlopod,  in  which  we  may  now  study 
the  microscopic  character  of  the  muscular  fibre  §,  must  therefore  have 
existed  at  a  period  antecedent  to  the  gradual  deposition  of  these 
enormous  masses  of  the  secondary  strata,  which  themselves  preceded 
the  formation  of  the  entire  tertiary  series,  and  the  overspreading  un* 
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A  second  1es§  complete,  but  highly  in&tructire,  ftpectmefi  of  the 
same  kind  of  Belemnite%  ei^hibited  the  funnel,  a  great  proportion  of 
tbe  miiBcular  ]»art5  of  the  mantle,  and  the  remains  of  two  IttterallM^ 
the  ink-bladder  and  duct^  and  a  oooaiderable  portion  of  the  elmateil 
cone^     The  two  fins  (Jt^,2lSj/,f)  present  the   fona  of  iattenoA 
traodversely  striated  fibrotsa  maases  with  their  &eo  boHer  eittira  sal 
rounded,     They  are  situated  on  each  side  of  the  visceral  cmwiijf  bdiI 
demonstrate  the  accuracy  of  M.  DuvaKs  objection  lo  their  portion  is 
the  previous  conjectural  restorations*     A  large  tract  oF  thm  gnf 
fibrous  substance,  running  parallel  with  and  on  one  aide  of  tlie  le- 
inains  of  the  head,  indicates  the  position  of  the  infuudibulum^  i 
terminated  by  a  concave  truncation.     At  the  middle  of  the 
Buus  at  the  interval  of  the  two  lateral  fins,  there  lied  a  < 
body  of  a  homy  texture  and  somewhat  bilobed  form,  on  wlitch  wmf ' 
be  clearly  di^tinguislicd  striae  passing  outwards  in  oppoatte  dinsetioai 
from  a  middle  line,  and  diverging  from  each  other  in  tbeir  euurte, 
which  resembles  that  of  the  fibres  of  the  digastric  mtisclo  in  the 
giszards  of  the  Cephalopods :  this  apparent  remnant  of  the  atomadi 
lies  anterior  to  the  ink-bUdder*     There  is  a  strong  negative  evideaes 
that  the  Belemnite  possessed  horny  mandibles  like  the  other  naked 
Cephalopods,  since  no  calcareous  ones,  called  RhynchoUtes,  have  been 
discovered  associated  with  these  remains*     The  cephalic  arma^  which 
are  preserved  in  a  third  specimen  with  the  contour  of  the  large  ses- 
sile eyes,  belong  to  the  normal  series,  and  were  eight  in   number: 
they  were  provided,  not  with  simple  acetabula,  but  with  a  double 
alternate  series  of  slender  elongated  homy  hooks^  as  in  the  genus  eC 
existing  Calamaries,  eddied  Ofitfchotmthis.     Each  arm  seems  to  hate 
been  provided  with  from  twelve  to  twenty  pairs  of  these  hooka*   lliey 
were  doubtless  developments  of  the  horny  hoop  which  encircles  the 
central  process  of  the  acetabulum,  as  in  the  modern  OH^ehoteuthidf$ ; 
but  in  the  position  of  the  pallial  fins,  the  Belemnite  resembled  the 
Sfpioia,     The  traces  of  the  super tuided  pair  of  tentacula  are  some* 
what  doubtful* 

The  modern  decapodous  Cephalopod,  which  most  nearly  resembles 
the  Belemnite  in  the  structure  of  its  internal  shell,  is  the  Sepia^  or 

*  CCCXCVL  pi  lii*  For  these  npparentlj  ^oardlesi  species,  first  sahmittcd  tb 
me  hj  Mr,  C.  PeBrcc,  I  toggetted  th«  Btibg<*i]ene  name  of  BeiemMtUuikMrn,  which  he 
■doptfd.  But  the  iiiiiKnlancc  of  the  stibik^qwently  discovtTtKl  stpecTmens,  with  Klui 
foft  |>atiji,  for  Ibe  elucidation  of  the  nature  of  the  Belrmnitifitr^  U  in  no  wtj 
Affert4^  by  Kubpectcrie  nnmencli&ture^  im  lon^  ilk  natur&li&ts  concur  la  regirding  the 
•*  phragiinjcone  "  as  the  esseniial  part  of  the  Bckmuitic  shell. 
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common  cuttle-fish :  the  lateral  fins  of  this  species  extend  from  the 
apex  to  near  the  base  of  the  mantle.  The  nucleus,  or  terminal  spine 
of  the  cuttlebone  corresponds  with  the  spathose  guard  of  the  Belem- 
nite  :  the  convex  posterior  broad  layer  of  friable  calcareous  and 
horny  matter  is  homologous  with  the  enveloping  cone;  but  its 
margins,  instead  of  being  approximated  and  soldered  together,  are 
free  and  lateral  in  position ;  the  successive  plates^  embedded  in  its 
concavity,  answer  to  the  camerated  cone  of  the  Belemnite ;  but,  in- 
stead of  being  perforated  by  one  or  many  siphons,  they  are  connected 
with  each  other  by  a  series  of  minute  undulating  lamelke. 

Thus  at  length  has  been  obtained  the  proof  of  the  dibranchiate  nature 
of  the  Belemnite,  and  we  learn  from  the  same  ocular  evidence  that  it 
combined  characters  at  present  divided  between  three  distinct  genera 
of  the  order ;  namely,  first  the  calcareous  internal  chambered  shell, 
to  which  the  Sepia  offers  the  nearest  approach ;  secondly,  the  for- 
midable hooks  of  the  arms,  which  characterise  the  modern  genus 
Onychoteuthis ;  and,  thirdly,  the  limited  ^attachment  of  the  lateral 
fins  to  a  position  a  little  in  advance  of  the  middle  of  the  body,  as  in 
the  Sepiola, 

The  Belemnite,  having  the  advantage  of  its  dense  but  well-balanced 
internal  shell,  must  have  exercised  its  power  of  swimming  backwards 
and  forwards,  which  it  possessed  in  common  with  the  modem  decapod 
Dibranchiates,  with  greater  vigour  and  precision.  Its  position  was 
probably  more  commonly  vertical  than  in  its  recent  congeners.  It 
would  rise  swiftly  and  stealthily  to  infix  its  claws  in  the  belly  of  a 
supernatant  fish,  and  then  dart  down  and  drag  its  prey  to  the  bottom 
and  devour  it.  We  cannot  doubt  at  least  but  that,  like  the  hooked 
Calamaries  of  the  present  seas,  the  ancient  Belemnites  were  the  most 
formidable  and  predacious  of  their  class. 
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The  deductions  which  were  founded  on  the  modifications  of  the 
chambered  siphoniferous  shell  and  other  enduring  remains  of  the 
very  remarkable  extinct  genus  which  occupied  our  attention  at  the 
close  of  the  last  lecture,  obliged  me  frequently  to  refer  to  the  type  of 
structure  which  characterises  the  Dibranchiaie  order  of  Cephalopods, 
and  which  places  these  MoUusks  not  only  at  the  head  of  that  division 
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of  the  Animal  Kiogdom,  but,  in  riMipeol  of  ItM  closer  proximitj  to  tu 
Vertfibrato  txpe,  unqueetionaUly  at  the  be^d  of  thm  whole  Inveitcbote 
Miies. 

The  body  of  tlie  Di branch) ate  Cepbalopod  is  divided,  as  in  tlM  Naa- 
tilus,  into  two  part«;  a  head  (^fiff.  220,  a<),  containiBg  tbe  argaoarf 
aenae,  maatieatton^   and   deglutition,  and  anpfiortiiig  ihie  prehflnwli 
and  principal  organs  of  looomotion  (c),  and  a  tmnk  <vr  whdommt  {w\ 
conaiiCing  of  a  muflcuUr  aac  or  mantle,  with  a  traDaTerse  taiarior 
aperture,  and  containing  the  respiratory,  generative,  and  Ageilift 
viscera.  With  tbe  exception  of  the  females  of  one  genua  (AtyomtmtOt 
Jiff,  220.x  the  body  is  naked^  includes  a  more  or  less  radtmeatal  ahcH 
and  supports,  in  most  of  tbe  species,  a  pair  of  fins.     Compared  with 
the  Nuutilus,  tlie  cephalic  appendages  are  much  reduced  in  number* 
the  external  ones,  continued  from  the  oral  sheath,  not  exceediiig  cti^Eil 
(JS^.  219,  c,  c%  to  which,  in  most  of  the  generat  is  added  a  pair  of 
internal  and  much  longer  tentacula 
(d,  d).      The  arms  are  mnch  in- 
creased in  size  and  of  a  more  com* 
plicated   structure,    supporting  on 
their    internal    surface     numerous 
suckers,   and  sometimes  connected 
together  by  a  powerful  muscular  web* 
The  eyes  are  much  larger  and  more 
complexi   are   no   longer   peduncu- 
lated,  but  lodged  in  orbits.      The 
mouth  is  armed  with  two  piercing 
and  trenchant  jaw%  resembling  in 
shape  and  in  their  Tertieal  more* 
ments  those  of  the   Nautilus^  but 
wholly    composed   of    horn.      Tlio 
gilb  are  two  in  number,  each  with 
a    ventricle    appropriated    to    the 
branchial  circulation  ;  the  systemic 
circulation    having   a   single   mus- 
cular venlricle,  as  in  the  Nautilus. 
The  infundibulum  (i)  is  a  complete 
muscular  tul>e,    shaped  like  an  in- 
verted funnel     The  Dibranchiatc9 
possess  a  gtand  and  membranous  re- 
ceptacle for  secreting  and  expelling 
an  inky  fluid.  The  sexual  organs  are 
in  distinct  individuals,  as  lu  tbeTe- 
tr abranchiate  order.     All  the  species  of  both  orders  of  Cepb 
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nre  aquatic  and  roarlne,  and  they  are  mostlf  nocturnal  and  gregarious 
in  tlieir  habits. 

The  Dihranchiate  order  tnay  bo  subdivided  into  two  tribes ;  the 
one  provided  wiUi  the  eight  ordinary  anna  and  the  two  longer  ten- 
tacles, hence  coXied  Decf/poda  if ff.  219.)  I  the  other  tribe  without 
the  tentacle^  and  called  Oclopoda  {Jig*  220), 

320 


AritonvuU  Argo.  r*in . 

The  various  forms  of  the  extinct  BehmnUidoi  (^.218.)  consti- 
tuted one  family  in  the  Decapod  tribe.  The  little  Spinda^  charac- 
terised by  a  lcs«  complex,  but  internal,  chambered  shell  {Jiij.  22J.),  13 
tiro  type  of  a  second  fiimily.  The  cuttle-fish,  characterised  by  its 
internal  calcareous  shell,  which  feebly  represents  that  of  the  Belem- 
nite,  exemplifies  a  third  family  of  Decapods  called  Stpiadie.  The 
common  calamary  {LoUga)^  in  which  the  internal  shell  is  reduced  to 
a  homy  quill-shaped  plate,  represents  the  fourth  and  most  extensive 
family  of  the  present  tril>e,  which  1  have  called  Teuthidie ;  and  in 
which  one  genus  {OnychotcuthU)  had  tlie  caruncle  of  more  or  fewer 
of  its  acetabula  produced  into  horny  claws.*  In  all  the  Decapods  the 
mantle  supports  a  pair  of  fins  {fig*  219,  &»  h\  and  the  funnel  Is  gene- 
rally provided  with  a  valve. 

In  the  tribe  Oclopoda  fins  are  rarely  developed  from  the  mantle  ; 
but  the  eight  ordinary  arms  are  longer,  tliicker*  and  are  unit^t^d  to- 
gether by  a  broader  web»  which  forms  a  powerful  organ  for  swimming 
in  a  retrograde  direction.  One  family  in  this  tribe  {Testacett)  is 
represented  by  the  genus  Argonatda,  in  whicli,  in  the  female  sex  f, 
the  first  or  dorsal  pair  of  arms  (Jtg,  220,  c,  1)  are  dilated  at  the  ex- 
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tr^mity  into  &  broftd  Utin  meuitirnmv  like  tlR-  manU<5  in  the 
nialliKHks ;  by  means  o(  the^i^  uit^iiibrane^,  the  aninitiJ,  in  fact, 
for  itself  an  extremelj  ligbt,  alightly  (lexiblc,  and  elasiiCf  but  calct* 
reousr  fljRimetrieal  -aliell,   wbicb   is  simple,   and    not   divided  iaii 
dmbers;  the  vacated  portion  conimiinicaiitig  with   the  rest,  and 
being  used  hy  the  inhabitant  as  the  receptacle  for  tbe  eggs  :  it  bii 
no  muscular  attachment  to  tbe  bo<lj.  *     *rbe  siphon   ia  withcml  a 
valve,  but  is  articulated  at  its  base  on  each  side  to  the  inner  sttrfafii 
of  the  mantle.     The  fiecond  familj  of  tbe  Octopods  is  termed  Xmdt^ 
Uie  s(H*cles  not  being  provided  with  an  external  shell.      Tbe  ErBlpair 
of  arms  is  elongated,  and  contracts  to  a  (Aroint :  the  fanoel  or  atpbon 
is  wilhoQt  an  internal  Take  or  external  joints.    The  rudimental  sbeO 
ts  rt^prosentpd  by  two  short  styles,  encysted  in  tbe  aubstancse  of  thi 
mande.  The  typicjil  genua  of  this  family  is  termed  Ociapm$t  in  whieft 
the  arms  are  proirtded  with  a  double  alternate  ten ea  of  aeastle  aorlfr' 
bulo*     In  a  aecond  genus  Eledame,  the  arms  are  provided  witli  a 
single  series  of  aretabula.     The  third  family  is  tbe  Pimnain 
by  the  Sfiadrphnrut^  which  has  a  pair  of  filaments  bctwe^  i 
Ibe  tuckers,  and  a  pair  uf  fins  from  the  sides  of  the  body.f 

The  t*hi41  or  dermal  ,«keleton,  which  has  l>een  progreamvelj reduced 
in  the  presf-nt  highly  organised  elass»  attains  its  lowest  or  most  rudi* 
mental  condition  in  the  Ociop^i  and  Eledont,  The  genus  to  whtcj 
the  shell  most  nearly  resembles  that  of  the  tctrabrancbiate  Cq>ha- 
lopodSy  belongs  to  the  Spiruhi,  A  few  mutilated  speciment  bad 
demonstrated  it  to  be  an  internal  shell,  and  the  more  perfect  examp!**^) 
of  the  animaK  dittected  by  M.  de  BlainvilleJ  and  myself  §,  provrditto 
have  the  cbaract eristic  organisation  of  the  Dibranchtnte  order,  and 
to  possess,  at  Pl'ron  had  indicnted,  tbe  eight  <ihort  arms  and  the  two 
long  tentacula  of  the  Dccapodous  tribe.  Tlie  shell  of  tbe  Spirttia 
{Jig*  221,)  is  perfectly  flymmelrical,  convoluted  in  a  vertical  pli 

^1  with  the  whorls  contiguous,  but  not  touching,     Tlie 

shell  commences  by  a  small  oval  cell,  followed  by  a] 
series  of  chambers  (6),  which  rapidly  increase  insiie. 
The  sppta  {a)  are  concave  towards  the  outlet,  aiid_ 
are  perforated  by  a  siphon  at  the  internal  or  ooncavt 
«piruu*.«tr*iu,      „i,^(.^,i„  of  Hie  8!,elt.     A  small  funnel-shaped  tubol 
{ii)  it  continued  backwards   from   each   [Krforation ;   and  its  apex  I 
penetrates  the  mouth  of  the  succeeding  tube.     The  circumference  of 
the  si  phonic  aperture  i§  impressed,  as  Mr.  Stokes  firtt  observeil,  by  a 

*  The  bono  or  of  having  expiTimen  tally  determined  the  trtit  relation 
Argouaiit  shfll  to  iu  ct-pbiih^podic  Wtiaiit,  and  tlie  true  fQiietions  of  the  exf 
artriB.  iii  due  to  Mndamc  «leAiiette  Power,  CCLXXIII. 
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ctrcle  of  niinote  pits.  The  shell  seems  to  be  exclusively  composed  of 
a  line  wliile  nacreous  substance ;  it  is  imbedded  in  the  posterior  part 
of  the  mantle,  with  a  small  part  of  lU  surface  exposed  on  bi^th  the 
upper  and  lower  sides  of  the  animars  body:  the  exposed  parts  of  the 
shell  are  invested  by  a  granular  atraw-coloured  epidermis.  The 
shRlIy  f^iphon  is  traversed  by  a  tubular  membranous  siphon. 

The  principal  characters  of  the  internal  shell  of  tlie  cuttle-fish  have 
already  been  pointed  out  in  the  illustration  of  its  analogies  with  that 
of  the  Belemnite.  The  preparations,  Nos.  1€*6.  107,  108*  demountrate 
the  o^eat  proportion  of  animal  membrane  which  enters  into  the  com- 
position of  this  slight  friable  laminated  shell*  The  laminae  consist 
of  a  subopake  minutely  granular  substance^  and  arc  connet^ted 
together  by  thin  wavy  loaves  of  a  transparent  substance,  the  folds  of 
which  resemble  little  pillars,  and  are  marked  by  iine  transverse  striae, 
like  lliose  on  the  prisms  of  the  shell  of  the  Pinna. 

In  the  rest  of  the  Decapfjda  the  rudi  mental  shell  consists  exclusively 
of  animal  matter,  of  the  consistency  of  horn,  and  presents  either  the 
form  of  a  pen,  as  in  the  common  Calnmary,  or  that  of  a  straight 
three-edged  sword,  as  in  the  hooked  squids.*  This  body  was  caHcd 
.  **  xiphos  **  by  Aristotle,  and  **  gladius  '*  by  PHny,  In  Sepioteuthis  it  is 
us  broad  in  proportion  to  its  length  as  the  cuttle-bone.  In  OnycJio^ 
ituthh,  Laiiffo,  Knd  Loli^opsiSy  it  is  much  narrower,  but  is  as  long  as 
the  mantle.  In  Seph/u  and  Rossia  the  gkdius,  commencing  at  the 
anterior  margin  of  the  mantle,  ends  before  it  has  reached  half-way 
down  the  back.  In  the  Octopus  and  Ekdone^  the  last  traces  of  a 
shell  exist  in  the  form  of  two  smalt  amber-coloured  styliform  bodies, 
contained  loosely  in  capsules  in  the  substance  of  the  mantle.  All 
tliesa  bodies  present  a  minutely  laminated  structure  when  trans- 
versely bisected.  The  shidl  of  the  Argonaut  pretients  a  minutely 
granular  texture ;  "it  exhibits  no  trnce  of  cellular  or  prismatic  tissue/'f 

The  skin  of  the  naked  Cephalopods  is  generally  thin  and  lubricous, 
and  can  be  more  easily  detached  from  the  subjacent  muscles  than 
in  the  inferior  Mollusks,  In  some  of  the  smaller  Cephalopods  il  is 
semi  transparent :  it  is  densest  in  the  Calamaries,  in  wliich  the 
epidermal  system  is  most  developed,  as  is  exemplified  in  the  horny 
rin^s  or  hooks  upon  the  acetabula.  In  the  Octopods  the  epidermis  is 
reflected  over  the  interior  of  the  acetabula  without  being  condensed 
into  horn.  U^H>n  the  body  the  epiderm  may  generally  be  detached  in 
the  form  of  a  thick  white  clastic  semitransparent  layer.  The  secondi 
or  pigmental  layer  of  the  skin,  analogous  to  the  rete  mucosum,  con- 

•  In  some  extinct  Cephalopods  from  oolttio  Mrata  the  Bhrll  was  externa Hj 
Lcalcarc-aiis.  ioteriiiilly  homy,  e.  g,  Coecoi^thu.     See  IX^LXXtl. 
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Mitts  of  numerous  ctlU  of  «  (latt^jiH  oral  or  eirciiUr  farm,  oofitjustii 
ooloured  piu'ticlefl  flus{>etidi^  in  a  fiotd.  The  coloar  Is 
same  in  all  the  oelU ;  tho  moat  eoDstant  kind  gen^ralljr  corrwpoodi 
more  or  lesa  closely  with  the  tint  of  the  iokjr  aacrettoii.  la  Ibe  Sifk 
there  ia  a  eecond  ieriea  of  vehicles  eontuniikg  a  deep  jreHow  cr 
browish  pigment :  in  the  Latino  rutgaru  there  are  three  kinds  «f 
coloured  vesiclua,  yellow,  roae-red,  and  brown :  in  the  Oh^mbw^ 
fforiM  there  are  four  kinds  of  reside^,  red,  yellow,  blue,  and  bbek 
In  the  skin  of  the  Argonauta  all  the  colours  whieli  luiTa  beea  eb* 
served  in  other  Ophalopods  are  present,  and  eontaiiied  ia  their  ap> 
propriate  cells.  These  cells  possess  the  power  of  rapid  alternsis 
contractions  and  expansions,  by  which  the  pigment  cao  be  drifeo 
into  the  deeper  parts  of  the  corium  or  brought  into  contajct  witk 
the  ieniitraQsparent  epiderm.  If  the  skiu  of  a  lining  OckJ^m  be 
touched,  the  colour  wilt  be  accumulated,  gradually  or  rapidlyt  likes 
cloud  or  a  blush  ujK>n  the  irritated  surface*  If  a  portion  of  theskia 
be  removed  from  the  body  and  placed  in  sea- water  under  the  ouer^* 
SOOpe,  the  contractions  of  the  vesicle  may  be  watched  for  aorme  tiflu: 
their  margins  are  well  defined,  and  they  pass,  during  their  dilatations 
or  contractions,  over  or  under  one  another  The  power  whi* 
Cephalopods  possess  of  changing  their  colour  and  of  harmoni 
with  that  of  the  surface  on  which  they  rest,  is  at  least  as  strikiii^ 
extensive  as  in  the  Chameleon,  in  which,  it  seems,  from  the 
observations,  to  be  produced  by  a  similar  property  and  arranj 
of  pigmental  eella^  The  external  surface  of  the  branchial  membnmes 
in  the  Argonauta  has  many  pigmental  cells;  the  internal  surface  has 
very  few ;  it  is  covered  by  numerous  reticulated  lines,  which  beeome 
prominent,  and  their  interspaces  deep,  when  the  membranes  contract* 
The  internal  organised  skeleton  of  the  di branchiate  Cephalopod 
is  cartilaginous,  as  in  the  Nautilus,  but  consists  of  a  greater  number 
of  pieces,  and  enters  into  a  larger  proportion  of  the  organisation 
the  animal.  The  cranial  cartilage  is  no  longer  limited  in  its  posti 
to  tho  under  aide  of  the  (esophagus,  but  completely  surrounds  thi 
tube,  which,  together  with  the  inferior  salivary  ducts  and  the  oep] 
branches  of  the  aorta,  traverser  a  narrow  canal  in  its  centre, 
cartilage  above  forms  the  cavity  containing  the  brain,  while  below 
is  excavated  to  lodge  the  organ  of  hearing,  and  at  the  sides  expan« 
into  the  broad  and  thick  orbital  cavities,  TJiere  is  also  a  thin  and 
long  cartilage  which  supports  the  eyeball,  and  reminds  one  of  thi 
ophthalmic  peduncle  of  the  Rays  and  Sharks*  A  process  continu( 
from  the  anterior  part  of  the  cranial  cartilage  expands  into  a  broad 
transverse  plate,  and  gives  attachment  to  the  muscles  of  the  arrosr 
In  Sepia  and  Loligo  there  is  a  thin  semilunar  cartilaginoua  plate. 
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situated  on  the  dorsal  part  of  tlie  mantle,  near  the  anterior  end  of 
the  internal  shell :  in  Loligo^  there  is  a  second  long  rhomboid  dorsal 
cartilage.  The  infundibular  cartilage,  which  is  a  proceas  of  the 
cranhil  one  in  the  Nautilus,  is  a  distinct  piece  in  the  Dibranchiafa, 
It  id  of  a  large  size,  and  of  a  flattened  triangular  figure  in  the  cuttle- 
^sh,  in  which  it  la  situated  above  the  base  of  the  funnel.  It  consists 
of  three  distinct  portions  in  the  Calamary.  On  each  side  the  base  of 
the  funnel  there  is  a  smooth  oblong  articular  cavity,  formed  by  a 
distinct  piece  of  cartilage,  which  is  articulated  with  a  corresponding 
cartilaginous  prominence  from  the  inner  surface  of  the  side  of  the 
mantle.     These  cartilaginoua  joints  of  the  funnel  vary  in  shape  in 

le  different  genera  :  they  are  wanting  in  the  Octopus.  The  lateral 
fins  of  the  Decapoda  are  each  supported  by  a  narrow  fliittened 
elongated  cartilaginous  plate,  which  forms  the  medium  of  attachment 
jof  the  powerful  muscles  of  those  fins.     These  appear  to  be  homologous 

itli  the  parial  fins  of  fishes ;  but  as  they  are  not  fixed  to  a  vertebral 
column,  their  position  is  variable ;  in  the  Itossia,  for  example,  they  are 
situated  near  the  anterior  paj*t  of  the  body ;  in  the  LoUgo^  they  are 
placed  at  the  posterior  extremity  ;  in  the  S*'pia  they  extend,  like  the 
great  pectoral  fins  of  the  Rays,  along  the  whole  side  of  the  body.  In 
the  Octopods  the  maatle-fina  and  their  cartilages  are  wanting,  except 
in  the  anomalous  genus  SciadephoruB  in  which  they  are  attached  to 
the  anterior  part  of  the  sides  of  the  mantle. 

The  sole  locomotive  organs  in  the  ordinary  Octopods  and  the  sole 
prehensile  organs  in  all  tfie  Dibranchiates  are  the  appendages  deve- 
loped from  the  head,  termed  "  arms/*  **  feet/  *♦  tentacles,"  and  **i>ro- 
boscides."  They  have  no  true  homology  with  the  locomotive  members 
of  the  Vertebrata,  but  are  analogous  to  them,  inasmuch  as  they  relatd 
to  the  locomotive  and  prehensile  faculties  of  the  animal,* 

The  eight  arms  of  the  Ociopua  commence  by  a  hollow  cone  of 
muscular  fibres  attached  by  a  truncated  apex  to  the  anterior  part  of 
the  cephalic  cartilage.  Tite  fibres  are  for  the  most  part  oblique,  and 
interlace  with  one  another  in  a  close  and  compact  manner^  as  the  cone 
advances  and  expands  to  form  the  cavity  containing  tlie  mandibulatc 
mouth,  at  the  anterior  extremity  of  which  they  are  continued  forward, 
and  sepnrate  into  eight  distinct  portions  which  form  the  arms.  The 
development  of  the  eight  external  arms  bears  an  inverse  proportion 
to  that  of  the  body :  they  are  longest  in  the  short  round-bodie<l  Ociopi^ 
and  shortest  in  the  lengthened  Cahimaries  and  Cuttle-fishes,  in  which 
the  two  elongated  retractile  tentacles  arc  8upera<ided  by  way  of  com- 


*  OeoflVoy  St.  ni1air«  regarded  the  cuttle-fiiH  as  a  verteUrate  ODimal  bent  double, 
witli  \\\ii  .ippro3iiii)atcil  arms  aud  legs  extending  forwanU  :  a  iixnilar  eomparison 
may  bv  found  iu  Aristotle* 
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pensation*    Tliese  Utter  orgnns  are  not  ootiHiioed  from  Use  i 
cone  which  ctirrespondt  with  the  eepbalie  sheath  la  the  Na 
aride,  like  the  tDtemal  labial  proceeeea  in  thai  Cophalopod,  cloae  t 
gelber  from  the  cephalic  cartthige*  internal  lo  the  ori^ns 
ventral  pair  of  nrms*     Thcjr  proceed  at  first  out  wards  to  i 
mMnhranou^  cavity  situated  anterior  to  theeje%  and  eau 
the  third  and  fourth  arms  on  either  side. 

In  most  Octopods  the  two  dorsal  arm»arethe  loQg«at  r  ihef  aittl 
ttmca  file  length  of  the  body  in  Oct,  Aranea^     But  beeidas 
perior  length,  the  dorsal  arms  present  other  peeoltftriciaa 
family  of  Cophalopods.     In  the  males  of  TreniaeAipitf  and  Af 
one  of  thorn  is  enlarged  and  excavated  to  receive  part  of  tbft| 
sexual  Rp[»aratus*:  in  the  female  ^4 n^umtfci  they  are  |iro¥id 
before  stated,  with  the  expanded  calcifying  membranee  (j%.  SSC^  €, 
which  are  ustmlly  spread  over  the  exterior  of  tbe  delieftSe  aiiell  («] 
meeting  and  overlapping  each  other  along  its  slender  keeL     The 
office  of  these  membranes,  as  stiiU  to  waft  the  argonaot 
surface  of  the  ocean,  and  that  of  the  attenuated  anna  as  oars 
ing  over  the   sides  of  the  boat,    have  afforded  subject    for 
imagery  and  constructive  analogy  in  all  ages:  and  the  little 
thetieal  navigator  of  nature's  ship  has  been  the  subject  of  thedi 
tion  of  the  naturalist  from  Aristotle  to  Cuviery  and  of  the  eong  of  die' 
poet  from  Call i mac h us  to  Byron 

In  Ociopus  reiifer  both  the  first  and  second  pairs  of  arma  support 
brorid  and  thin  membranous  nppendages  at  their  extremttiea.  In  the 
common  Poulp,  Ociopus  vult/arU,  ttie  eight  arms  are  eonnected  to* 
gether  for  some  distance  beyond  the  head  by  memhraned  and  mi 
which  form  a  circular  fin  ;  this  constitutes  its  sole  locomotive  e^^| 
when  swimming,  and,  by  its  powerful  contraction,  aided,  howevwPP 
the  ejection  of  the  currents  from  the  funnel,  the  animal  is  propeOei 
thfougli  tl»c  water  by  a  quick  retrograde  motion.  In  Oct 
palmatus  the  fin  is  extended  along  the  basal  interspaces  of  only  the 
f 'ur  dorsal  arms.  In  Seiadepliortts  it  extends  between  all  the 
nnd  as  far  as  their  attenuated  extremities.  There  are  two  layers  of 
transverse  fibres  in  tliis  web,  the  external  of  which  arises  from  a 
white  line  along  the  bark  part  of  the  base  of  each  arm,  the  internal  from 
the  sides  of  ilie  same  arms  between  the  attachments  of  the  socken. 
They  decussate  one  another  as  they  pass  from  arm  to  arm  in  the  middle 
of  the  webs,  and  are  included  between  two  thin  layers  of  radiating 
longitudinnl  libre^.f 

The  internal  surface  of  the  arms  is  that  which  is  specially  modified 


CCCCIX,  &  CCCCX. 


t  EMhricht,  CGCXCIX.  p.  eS7. 


CEPHALOPODA. 


mi 


22S 


in  the  Dibranclnate  as  in  the  Tctrabrancliiate  Cephalapods  for  the  pre- 
hensile and  tactile  faculties;  but  the  structure  h  much  more  compli- 
cated in  the  higher  order.  On  this  surface  each  arm  supports  a 
single  or  double  series  or  more  numerous  rows  of  acetabula  or  cir- 
cular sucking  cups :  in  the  elongated  pair  of  superadded  tentacles  of 
the  Decapods  the  suckers  are  limited  to  the  expanded  extremities^ 
wliere  they  are  generally  aggregated  in  more  numerous  and  irre- 
gular rows.  These  tentacles  serve  to  seize  a  prey  which  may  bo 
beyond  the  reach  of  the  ordinary  arms,  and  also  act  aa  anchors  to 
moor  the  Cephalopod  in  some  safe  harbour  during  the  agitations  of  a 
fitormy  sea. 

Each  muscular  arm  is  perforated  near  the  centre  of  its  axis  for  the 
lodgeme-nt  of  its  nerye  and  artery  (Ji(i.  222,  a\  which  are  surrounded 
by  ft  layer  of  cellular  tissue  (c)  j  from 
the  dense  outer  sheath  of  this  cellular 
canal  the  transverse  fibres  of  iho  arm 
{d)  radiate  to  the  periphery,  intercept- 
ing spaces  containing  the  longitudinal  ^  ■ 
fibres  of  the  arm,  the  whole  being  sur- 
rounded by  two  thin  and  distinct  strata 
of  fibres,  of  which  the  external  is 
longitudinali  and  the  internal  trans- 
verse. 

The  mechanical  structure  of  the 
acetabulum  may  be  favourably  studied 
in  the  Ociopus^  in  which  those  organs 
are  of  large  size,  and  sessile.  The 
circumference  of  the  disc  of  the  sucker 
is  raised  by  a  tumid  margin  (A)  ;  a 
series  of  slender  folds  of  membrane  (/)» 
covering  corresponding  fasciculi  of  mus- 
cular fibres,  converge  from  the  circum- 
ference towards  the  centre  of  the  sucker,  where  a  circular  aperture 
{y)  leads  to  a  cavity  which  widens  as  ii  descends^  and  contains  a  sollt 
caruncle  (i),  rising  from  the  bottom  of  the  cavity  like  a  piston  of  a 
syringe.  When  the  sucker  is  applied  to  any  surface  for  the  purpose 
of  adiieaion,  the  piston,  wliich  previously  filled  the  cavity,  is  retracted, 
and  a  vacuum  produced. 

The  complex  irritable  mechanism  of  all  these  suckers  is  under 
the  most  complete  control  of  the  predatory  Ce[d»al(jpod.  My  friend 
I^lr.  Broderip,  F.R.S,%  informs  me,  that  ho  has  attempted,  with  a 
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♦  Aulliorof  valuable  ongtnal  Memoirs  in  the  Transactions  of  the  Zoological 
Society  I    of    ihu   admirable   urllclt'E   on    zoology   in  the  Fctiny  CjclopCLilia  i 
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band-nei  t^  f  .itil»  .m  OcltipiH  that  was  flcmiing  wiiliiu  «gbt,  witli  it 
loDg  ancj  ill  \lU1'.  anu>  Lutvviurd  round  a  fiskh  wlitcli  it  was  teahn^ 
to  |>iect*a  with  its  »harp  hawV^  bill ;  the  Ccphalopcxl  aUowed  Tht; 
net  to  approach  within  a  short  dldtancc  of  it,  before  il  relinqaiaUed 
its  prcjr,  when  in  nn  instant  it  relaxed  its  thousaitd  aockfrf^  t^x- 
phnk-d  itM  ink/  atniiiunition,  and  ruptdly  retreated  tinder  cover  of  Ubi 
ch>ud  which  it  had  ocra  iuurd,  hy  quick  and  vigorous  *troke§  of  Tta 
circular  web. 

The  Ccphjiloi>od»  whicli  irequcnt  the  more  op n  pr;iH,  :uji3 
have  to  contend  with  more  agile  and  powerful  fi-h^s,  ita%e  btili 
eomplicated  organs  of  prehension.  In  the  Cahimar/  the  biaae  ol  tJic 
ptBton  is  enclosed  in  a  horny  hoop  witti  a  dentated  mnrgin.  In  the 
Onychoteuthls  the  margin  h  produced  into  a  long,  curved,  ihurji* 
pointed  claw.  These  formidable  weapons  are  sometimes  clustered  it 
the  expanded  terminations  of  the  tentacles*  and  in  a  few  species  aro 
nrrangcd  in  a  double  alternate  series  along  the  whole  internal  surface 
of  the  eight  ordinary  arras,  as  they  were  in  the  extinct  Belemnite^ 

The  peripheral  fold  of  membrane  of  the  sucker  can  be  expanded 
beyond  tlie  piston,  so  aa  to  act  on  a  hard  surface  like  the  onamicd 
sucker  of  tlie  Octopus :  but|  so  applied  to  the  mucous  aurftoe  of  i 
ii?»li,  it  might  glide  off:  tlie  better  to  hold  on  such  slippery  grvoadli 
the  horny  dentacles  and  hooks  are  superadded  ;  the  latter^  in  OMyrA^ 
irnfhis^  are  retractile,  ^^  io  the  cat's  paw  ;  »nd  it  is  interesting  to  find 
this  earliest  appearance  of  the  retractile  daw  illustrating  numerically 
the  law  of  vegetative  repetition. 

In  connection  with  the  uncinated  acetabula  at  the  extremities  of 
the  long  tcntacula  of  the  Onychotcuthis,  may  be  observed  a  cluster 
of  small  simple  unarmed  suckers  at  the  hnsc  of  the  expanded  end. 
AVhen  these  parts  in  each  tentacle  are  applied  to  one  another,  they 
become  locked  together,  nnd  the  united  strength  of  both  the  ped^ 
is  thereby  more  effectually  brought  to  bear  upon  any  resisting  •  ^ 
which  may  have  been  grappled  by  the  terminal  hooks.  This  is  a  veiy 
striking  mechanical  contrivance:  human  art  has  remotely  imitated 
it  in  the  fiibri<-ation  of  the  obstetrical  forceps,  in  which  either  blade 
can  be  used  separately,  or,  by  the  interlocking  of  a  temporary  joint,  be 
made  to  act  in  combination,* 

In  the  diminished  number,  increased  size^and  progressive  cotnpUca- 
tion  of  the  cephalic  muscular  nppendagesf,  and  in  their  final  modific 
tion  for  combining  with  one  another  to  produce  a  determinate  actio 
we  trace  the  common  order  which  regulates  the  development  of  other 

of  "  Zoological  Recreations,**  and  other  di'lightful  contribations  to  our 
lUvourite  science. 
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parts  of  the  animal  organisation.  In  our  past  review  of  the  Inverte- 
brata,  we  have  witnessed  this  order  in  the  appearance  of  the  more 
essential  organs,  as  the  nervous  centres,  the  eyes,  the  stomach,  the 
heart,  the  gills,  the  generative  parts  ;  we  find  it  equally  regulating 
the  development  of  the  peculiar  prehensile  instruments  of  the  Cepha- 
lopodic  class. 

At  first  very  numerous,  comparatively  small  and  feeble,  essen- 
tially alike,  the  cephalic  tentacles  of  the  Nautilus  strikingly  illus- 
trate the  law  of  vegetative  or  irrelative  repetition.  Their  primary 
import  is,  however,  plainly  indicated  by  the  direct  derivation  of  their 
central  nerve  from  the  anterior  cephalic  ganglion  ;  and  they  present 
the  same  complex  plan  of  arrangement  of  their  muscular  fibres  which 
characterises  the  arms  and  tentacles  of  the  dibranchiate  Cephalopods. 
The  prehensile  surface  of  the  tentacula  of  the  Nautilus  (^Jig,  214.)  is 
made  adhesive  after  the  type  of  the  simple  laminated  sucker  of  the 
Remora ;  the  median  longitudinal  impression  which  partially  divides 
the  lamella  may  represent  the  complete  interspace  which  separates 
into  two  series,  in  the  arms  of  most  of  the  Dibranchiates,  the  more 
complex  suctorial  appendages  which  are  developed  on  their  internal 
surface :  but  at  all  events,  the  reduction  of  these  arms  in  number, 
their  augmentation  in  size,  and  perfection  as  prehensile  instruments 
by  the  superadded  complications,  are  phenomena  which  ordinarily 
attend  the  march  of  development.  The  order  of  this  progress 
would  be  anomalously  reversed  if  the  tentacles  of  the  Nautilus  repre- 
sented, as  M.  Valenciennes  supposes,  the  caruncles  of  the  acetabula, 
and  the  hollow  processes  of  the  oral  sheath  the  cavities  of  those 
appendages  of  the  arms  of  the  Dibranchiates.  According  to  the 
French  Malacologist,  the  anterior  circumference  of  the  head  or  oral 
sheath  in  the  Nautilus  represents  four  of  the  eight  arms  developed 
therefrom  in  the  Dibranchiates,  and  the  two  dorsal  arms  consist  each 
of  two  enormous  acetabula,  whose  cavities  are  deepened  into  tubes, 
and  whose  caruncles  are  produced  into  tentacula  as  highly  organised 
in  regard  to  their  nerves  and  muscles,  as  are  the  acetabuliferous 
arms  themselves  in  the  higher  orders.  The  four  other  arms  of  the 
Octopus  are  represented^  according  to  M.  Valenciennes,  by  the  four 
groups  of  tentacula  which  are  included  within  the  oral  sheath  in  the 
Nautilus.  Such  is  not,  however,  the  place  of  origin  of  any  of  the 
eight  arms  in  the  Dibranchiata ;  nor  is  it  conformable  with  the  ge- 
neral law  of  development,  that  a  prehensile  organ  consisting  of  two 
large  and  highly  complicated  acetabula  in  a  low  organised  Cephalopod 
should  support  two  hundred  smaller  and  more  simple  suckers  in  the 
higher  organised  species.* 
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The  primitiTc  fibres  of  the  muscles  of  the  Cephiitc^iodfl 
thej  are  more  parftllel  than  ici  the  lower  moUtiski^  and  «re 
together,  so  ad  to  form  well-defined  Hat  fasciculL 

The  pallial  tac  ia  chleflj  coInpo»l^d  of  »  lajer  of  eircuWr 
intemiptad  behind  la  Sepia^  where  the  shell  U  lo4g^ed*  A  pair 
round  longitudinal  muscles  pass  from  the  Tentrmt  wall  to  tiie  hmm  itl 
the  funnel :  a  second  pair  extend  ft*om  the  dorsal  wmLl  to  the  eefibalk 
cartilngc  and  the  hack  part  of  the  base  of  the  arms.  Ottior 
faieiculi  ari»e  from  the  aidea  of  the  cephalic  cartilage^  anil  are  in* 
aert^d  into  the  funnel. 

Fasciculi  of  muscular  fibres  are  conittiised  {jrom  tbe  reniral  pair  «f 
feet  and  the  bstek  part  of  the  cranium  to  the  muscular  piortiiioa  whtek 
diiriJ<!s  longitudinuUy  the  bnincUial  cavity:  other  fibres  deecetid  to 
join  the  museutar  tunic  enveloping  the  liver  and  ceaopha^ua.  In  ib6 
cuttle-fishes  and  ciilamarie^  tlie  branchial  septum  is  not  developed* 
The  respiratory  tube  or  funnel  is  a  complete  muscular  ejUata) 
formed  by  au  external  longitudinal^  &fid  an  internal  transverae,  layer 
of  fibre*,  with  which  arc  blended  the  insertions  of  the  acccsinrr 
retractor  muaelcs. 

The  homologueg  of  the  great  muselea  which  altaeh  the  Nauuii 
its  shell  may  be  traced  in  the  di^erent  genera  of  I>i 
diminiahing  in  sice  aa  the  internal  shell  becomes  moro  and 
rudimentary.  They  arise  in  conjunction  with  the  fibres  of  tlie 
tunic  of  the  liver  from  the  posterior  part  of  tlie  cephalic  cartiUge* 
but,  soon  fjuitiing  these  fibres,  they  extend  downwards  and  out wanl^ 
being  perforated  in  their  course  by  the  great  lateral  ocrve,  and 
inserted  into  the  epidermic  capsule  of  the  internal  shell. 

The  thin  shell  of  the  female  Argonauto^  which  is  external  in 
to  the  true  mantle,  but  internal  in  relation  to  the  branchial 
branea  which  formed  it»  is  retained  in  its  position  chiefly  by  tlieti 
memhran«s ;  and  when  they  are,  as  they  are  capable  of  beiitgi 
retracted  into  ttie  cavity  of  the  shell,  it  adheres  to  the  surface  of  ^ 
body  by  the  adliesiun  of  contact  only  and  its  own  elaaticity,  not  by 
its  attachment  to  any  muscular  fibres:  hejice  the  animal  commonly 
drops  out  of  the  shell  when  dead. 

The  principal  muscular  fibres  of  the  pallial  finsextend^  transTcrselyto 
the  axis  of  the  body,  to  tlie  marg^ins  of  the  fins:  they  present  the  saooe 
direction  in  the  fossilised  fins  of  the  animal  of  the  Bclemnite.  Tbe 
acticiu  of  the  powerful  muscles  in  the  terminal  fins  of  the  calamartes 
must  be  aided  in  its  e^ect  upon  the  body  by  the  elasticity  of  the  in- 
ternal pen  or  gjladius.  By  these  means  they  are  enabled  not  only  to 
propel  themselves  forward  in  the  sea*  but  they  can  strike  the  surface 
of  the  water  with  such  force  as  to  raise  themselves  above  it,  and  dart 
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like  the  fljing  fish  for  a  short  distance  through  the  air.  This  is 
the  highest  act  of  locomotion,  the  nearest  approach  to  flight,  which 
any  of  the  molluscous  animals  have  presented. 

We  find  associated  with  the  varied  and  active  powers  of  loco- 
motion just  described,  visual  organs  of  large  size  and  singular  com- 
plexity of  structure  ;  the  whole  surface  of  the  bodj  is  highly 
sensitive;  and  there  is  a  concomitant  development  of  the  nervous 
centres,  which  exhibit  the  highest  conditions  of  this  system  in  the 
Invertebrate  series  of  animals.* 

The  brain  is  lodged  in  a  cartilaginous  cranium,  together  with  a 
portion  of  the  oesophagus,  from  which  it  is  separated  by  the  mem- 
brane analogous  to  the  dura  mater :  the  same  strong  membrane 
protects  the  brain  where  the  cranium  is  open  anteriorly.  Between 
that  part  of  the  fibrous  membrane  which  lines  the  cerebral  cavity  and 
the  pia  mater  covering  the  brain, 
there  is  an  intervening  space 
filled  with  a  gelatinous  and  oily 
arachnoid  tissue*  In  the  cuttle- 
fish, the  super-oespphageal  cere- 
bral mass  (jig,  223,  a)  consists 
principally  of  a  cordiform  body» 
superficially  divided  into  two 
lateral  lobes  by  a  median  longi- 
tudinal furrow.  From  the  lower 
and  lateral  parts  of  this  body 
proceed  the  short  and  broad 
optic  nerves,  which  constitute 
the  peduncles  of  the  large  reni- 
form  optic  ganglions  {b\  and 
upon  each  peduncle  there  is 
placed  a  small  spherical  medul- 
lary tubercle:  these  tubercles 
exist  also  in  the  calamaries,  but 
appear  not  to  be  present  in  the 
Octopods. 

From  the  inferior  and  anterior 
parts  of  the  super-cesophageal 
mass,  a  thick  cord  descends  on 
each  side  of  the  oesophagus, 
unites  with  its  fellow,  and  di- 
lates   below   that   tube   to  form 

tlie        nnterior        SUb-OeSOpliageal  Nervoui  tyttem,  Scpla  officinalis. 

♦  CCCXXI..  CCCCIV.,  CLXXXV.,  Bd.  ii.  p.  317.  t  32..  &  CCLXXVIII. 
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gnnglioDf  from  tvlncL  the  ncrres  af  the  feet  anil  tcnlaclei 
Two  broader  bands  descend  from  the  super-ccsophn^eAl  mius 
tlio  preceding,  and  form,  by  a  like  enlargement  and  tuslon,  tit 
posterior  cesofdmgeal  body*  which  blenda  laierall/  with  tlie  snlcrior 
one,  atid  forms  with  it  a  large  mass  with  a  central  perfomtioo*  Four 
short  and  slender  chords,  two  of  whicli  (e)  are  continued  from  ih» 
anterior  apices  of  tlie  optic  lobes,  and  two  from  the  anterior  sub* 
oesophageal  lobes,  converge  forwards  and  unite  to  form  a  romWl 
flutteiied  ganglion  (p),  which  is  clofiely  applied  to  the  back  part  ol 
the  fli'flhy  mass  of  the  mouth  above  the  pharynx^  from  wliieh  aro  sent 
off  the  nervea  to  the  retractors  of  the  mouth.  Two  filaments  tnm 
the  phnryngeal  ganglion  descend  to  join  a  pair  of  ganglions  belov 
the  pharynx,  homologous  with  the  labial  ganglions  of  tbe  Naniilos, 
and  the  buccal  ganglions  of  Gastropods.  The  nerves  of  the  ana 
(J\  y)  proceed  from  the  anterior  8ub-<i*^ophftgeal  ganglion,  aad 
corr**spond  in  number  to  the  organs  which  they  supply,  being  eight 
in  the  Octopodn,  and  ten  in  the  Dccapmla:  the  corresponding  nerves 
are  much  more  numerous  in  the  Nautilus.  In  the  Aali^o  they  hik%e 
a  double  origin,  the  anterior  sub-ccsophageal  mass  being  divided  ma 
an  aoterior  and  posterior  portion,  and  each  brachial  nerve  deriving  a 
root  from  both  centres,  which  may  have  distinct  funcliotts,  otui 
motory»  the  other  sensory.*  In  the  Octopus  the  brachial  i 
pass  along  the  inner  surface  of  tlio  base  of  the  arms  bcfon 
penetnite  the  axial  canals.  As  soon  as  the  acetabula  begin  Ui  be 
develo[)ed,  a  series  of  closely  approximated  ganglions  are  fortiMd 
upon  the  brachial  nerves,  of  which  some  of  the  longitudinal  fibre! 
pass  over  the  ganglions.  Before  the  ganglionic  enlargenientt 
commence,  each  brachial  nerve  in  the  Octopus  gives  off  two  large 
branches,  which  traverse  the  fleshy  Bubsfance  of  the  base  of  the  amii 
to  join  tlie  two  corresponding  brunches  of  the  contiguous  nerves 
which  are  thus  associuied  together  for  consent  of  action  by 
nervous  circle* 

The  infundibular  nerves  arise  behind  the  origin  of  the  brachil 
ones.     Posterior  to  these  the  small  acoustic  nerves  ore  given  off  1 
the  8ubHC&i>[diHgeal  mass.     Tlie  delicate  motores  oculi  arise  from  tlio 
upper  part  of  the  lateral  connecting  bands  of  the  infra-  and  stipraHisso* 
phageal  mas.scs,  which  may  be  compan^d  with  the  crura  cerebri^  ns  the 
nerves  in  rpiesliiju  obviously  answer  to  tlic  third  pair  in  tlie  \ 
The  nerves  going  to  the  cavities,  supposed  to  be  olfactory,  ; 
to  the  optic  nerves.     The  nerves  which  correspond  to  those  of  i 
ahell-mu3cles  of  the  Nautilus,  form  a  single  large  pair  («a,  m%  whl^ 
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arise  from  the  posterior  and  lateral  angles  of  the  sub-oesophageal 
mass,  extend  outwards  and  backwards,  perforate  the  shell-muscles, 
and  form  the  large  stellate  ganglions  (ft,  n),  from  which  the  nerves 
of  the  mantle  are  principally  derived.  In  the  Octopoda  this  may  be 
described  as  the  termination  of  the  nerve-trunk ;  but  in  the  Deca^ 
poda^  in  which  lateral  fins  are  superadded  to  the  body,  the  great 
nerve  previously  divides  into  two  branches,  of  which  the  outer  one 
expands  into  the  ganglion,  whilst  the  inner  branch,  having  been 
joined  by  one  of  the  rays  of  the  ganglion  (o,  o),  pierces  the  fleshy 
substance  of  the  mantle,  and  ends  in  a  diverging  series  of  twigs 
appropriated  to  the  muscles  of  the  fin.  In  proportion  as  the  trunk 
of  the  Cephalopod  is  attenuated  and  elongated,  the  pallial  nerves 
become  more  parallel  in  their  course,  more  dorsal  in  their  position, 
and  more  similar  to  a  rudimental  spinal  chord  of  which  the  two  la- 
teral columns  have  retained  their  primitive  embryonic  separation. 
The  ganglions  {n,  vi)  are  connected  by  a  transverse  commissural  nerve 
in  Loligo.* 

The  two  large  visceral  nerves  (p)  arise  from  the  interspace  of  the 
origin  of  the  pallial  pair;  after  distributing  filaments  to  the  muscles  of 
the  neck  they  descend  parallel  and  close  to  one  another  behind  the 
vena  cava,  give  off  the  small  filaments  which  constitute  the  plexus 
upon  that  vein  and  around  the  oesophagus,  then  diverge  from  each 
other  towards  the  root  of  each  gill,  where  they  divide  into  three  prin- 
cipal branches :  one  of  these  dilates  into  an  elongated  ganglion  (q) 
and  penetrates  the  fieshy  stem  of  the  branchia ;  the  second  descends 
to  the  generative  organs  ;  the  third  passes  to  the  middle  or  systemic 
heart.  The  oesophageal  plexus  unites  into  a  ganglion  (r),  attached 
to  the  parietes  of  the  gizzard  in  the  interspace  between  the  pyloric 
and  cardiac  orifices.  Some  filaments  connect  the  ganglion  with  the 
oesophageal  nerve  sent  off  from  the  buccal  ganglion  («).f 

With  respect  to  the  parts  of  the  brain  in  the  Vertebrata,  which  are 
represented  by  the  cephalic  nervous  masses  in  the  Dibranchiate 
Cephalopods,  we  may  regard  the  cordiform  superior  mass  (a),  which 
is  principally  in  communication  and  coexista  with'  the  large  and 
complex  eyes,  as  the  homologue  of  the  optic  lobes ;  it  cannot  be  the 
cerebellum,  as  Cuvier  supposed,  for  that  body  never  gives  origin  to 
any  nerve ;  the  cerebellum  is  also  less  constant  than  the  optic  lobes 
of  the  Vertebrate  brain,  and  is  posterior  to  them  in  both  position  and 
order  of  development  The  smaller  super-oesophageal  mass,  anterior 
to  the  optic  lobes  in  the  Octopus  and  some  other  cephalopods,  may 
represent  an  olfactory  lobe,  or  the  rudiment  of  a  true  cerebrum.     I 
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hftTe  ilready  indicateil  the  parts  which  so«m  to  represent  the 
of  the  cerebrum  ;  ihej  uoit«  with  that  Urgt  uuL-oasopl 
mftSB^  whtcfaf  since  it  givea  origin  to  the  brachial  oanfaB 
homologue  of  the  fifth  pair,  to  the  acoustic  and  respiralorf 
and  to  those  two  large  moto^senaorj  ooltinmii  which  resemble  ii 
their  airucture,  position,  and  distribution,  the  epiami  cbord  of  dM 
Fiprto^n^/i,  mast  be  regarded  as  the  repreeentatine  of  tbe  nedallf 
oblongata:  it  is  obTionsl/ the  part  of  the  nervous  oeatre  which  k 
most  intifluUdlj  connected  with  the  vitality  of  the  enimm],  mad  whkk 
is  therefore  herey  as  in  the  higher  animals,  U)o  daepeef  eemUti  ni 
best  protected  port  of  the  nervous  system. 

The  disposition  of  this  system  determine  the  surfaces  of  tiie 
of  the  CepUalopod  whtcli  correspond  with  those  of  the  fish, 
aervous  centre  (<i,  Jitf,  223.),  in  which,  from  its  oocaparative  in- 
dependence of,  or  indirect  connection  with,  nerves^  aeinflatioiEis  are 
most  probably  raised  into  ideas,  denotes  the  dorsal  a^peet»  to  whichi 
as  in  the  Veriehrata^  tho  term  '*  ncuraP  would  not  be  ioapplicabH 
regard  being  had  to  the  value  of  the  braln-masfl  marking  the  asptc^ 
and  to  the  corresponding  position  of  the  chief  nerve^tranks  of  the 
body.  Thus,  in  the  Argonaut  {^g,  220. X  b,  e,  a  mark  the  dorsat 
aspecti  t  the  ventral  one,  d  the  anterior  part,  and  c  the  po9lerior^ 
part.  The  homolojjy  of  the  cerebrum  («r,  fig^  22^\  with  the 
reduced  super-a'sophageal  mass  (a,  Jig,  21o*),  determine  uneqd 
vocally  the  true  dorsal  or  neural  aspect  in  that  and  all  inferior  forcDi 
of  mollusk.  But  the  inconstancy  of  the  position  of  the  heart 
chief  vascular  developments  for  breathing,  rejidera  the  terms  ** 
and  **  hiemal/'  as  now  accepted  for  the  Vei-tebrata,  too  arbitrary 
contradictory  for  the  Mollnsca. 

The  integument  ia  remarkable  in  several  of  the  naked  Cep] 
for  its  irregular  suHuce,  which  seems  designed  to  increase  its  aattail 
sensibility  :  in  some,  it  is  provided  with  flattened  crenate  proceaaes; 
in  others  it  is  beset  with  branched  papillae ;  in  a  third  with  simple 
obtuse  papillflD ;  in  a  fourth  with  pointed  tubercles ;  all  which  pro* 
jections  may  serve  to  warn  the  animal  of  the  nature  of  the  surAloes 
with  which  it  may  come  into  contact.  Tlie  margins  of  the  aoelabilli 
and  the  attenuated  flexile  extremities  of  the  arms  which  support 
them  doubtless  possess  a  delicate  sense  of  touch.  The  fringed 
circular  Up  presents  another  example  of  the  dermal  covering  modified 
to  1>c  the  seat  of  this  sensation* 

The  tongue  is  as  liighly  developed  for  the  exercise  of  the  sense  of 
taste  in  the  Dibranchiate  Ceplinlopods  as  in  the  Nautilus,  In 
OnifchuUuthU  {fig.  225.)j  the  fleshy  part  of  the  tongue  is  •*  produced 
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into  three  caruncles  (e,  /,  g)y  very  soft  in  texture,  and  beset  with 
numerous  papillae."* 

Siebold  and  Kollikerf  describe  the  olfactory  organs  of  the  Dibran- 
chiates  as  situated  in  the  neighbourhood  of  the  eyes,  and  consisting 
each  of  a  cavity  with  tumid  borders,  or  of  a  cutaneous  fossa  wliich 
has  an  opening  and,  sometimes,  at  the  bottom,  a  whitish  papilla* 
The  nenrea  of  this  organ  arise  from  the  optic  ganglion.  They  are 
at  first  closely  united  with  the  optic  nerves,  enter  the  orbit  with 
them,  and  extend  along  its  posterior  wall  to  the  olfactory  papillas,  to 
which  they  are  distributed  in  a  radiated  manner4  The  sense  of 
smell  has  been  attributed  to  the  Cephalopoda  by  all  naturalists  who 
have  observed  their  habits  from  Aristotle  to  Cuvier.  It  appears  that 
the  ancient  Greek  fishermen  were  in  the  habit  of  attaching  strong- 
scented  herbs  to  their  baits  to  deter  the  cuttle-fishes  from  coming  to 
devour  them. 

The  organ  of  hearing  consists  of  two  vestibular  cavities,  excavated 
in  the  thick  and  dense  under  part  of  the  cartilaginous  cranium  which 
supports  the  sub-oesophageal  ganglions.  §  In  Sepia  and  Loligo  several 
obtuse  elastic  processes  project  from  the  inner  surface  of  the  cavity, 
which  contains  a  delicate  sacculus  and  otolite.  A  slender  canal, 
lined  by  a  ciliated  epithelium,  forms  part  of  the  vestibule  in  the 
embryos  of  Sepia  and  Loligo,^  The  acoustic  nerve  is  spread  over 
the  sacculus,  and  is  impressed  by  the  movements  of  the  otolites, 
which  respond  to  the  sonorous  vibrations  that  may  be  strong  enough 
to  affect  the  body  generally.  The  sinuosities  in  the  intervals  of  the 
vestibular  processes  seem  to  be  the  first  rudiments  of  those  which  in 
Yertebrata  are  extended  in  the  form  of  canals  and  spiral  chambers, 
within  the  substance  of  the  dense  nidus  of  the  labyrinth.  In  the 
Octopus  the  vestibules  are  nearly  spherical  with  a  smooth  internal 
surface ;  the  otolite  is  hemispherical ;  in  the  Eledone  it  is  shaped 
like  the  shell  of  a  limpet,  with  the  apex  rounded  and  curved  back- 
ward, and  appears  not  be  calcified  :  in  other  Cephalopoda  the  otolites 
contain  carbonate  of  lime. 

The  orbit  in  the  cuttle-fish  is  formed  posteriorly  by  a  thick  car- 
tilaginous cup  (Jig.  224,  a  a),  and  is  completed  anteriorly  by  a  dense 
white  fibrous  dermal  membrane  (6),  which  becomes  transparent  at 
the  anterior  part  of  the  globe,  and  forms  the  cornea  (c).  The  cornea 
and  the  fibrous  tunic  are  lined  by  a  thin  serous  membrane,  which  is 
reflected  over  the  anterior  part  of  the  sclerotica  {d),  passes  through  its 
anterior  aperture  (to  which  the  cornea  does  not  adhere),  like  the 

•  CCCCIV.  p.  532.,  fig.  218.     t  XXIV.  p.  381.     t  CCCXCL 
§  CCCLXXIX-  p.  380.         I  CCCXCL  p.  105. 
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membrane  of  the  aqueous  butnottr^  and  is  fioall/  coottimcid 
groove  of  the  crystalline  lens  {/»), 

The  space  between  the  eye-  334 

bftU  and  its  capsule,  thus  cir- 
eamsoribed,  13  6Ued  with  an 
aqtieona  humour,  by  which 
the  cornea  is  S€parat4.>d  from 
the  eyeball,  and  kept  tense. 
Tlic  outer  tunic  of  the  proper 
t/ttball  in  a  fibrous  mem- 
brane (cO  ooTered  by  the 
aponeurotic  expansion  of  the 
mujicles  of  the  eye,  and  with 
an  anterior  aperture  which  is 
closed  by  tlic  crystalline  lens. 
Within  the  fibrous  tunic  there 
IB  a  thin  cartilaginous  coat  (r) 
perforated  |K)steriorly  by  the 

nutnerou*  6brib  from  the  optic  ganglion  (^ff).  The  layer  of  fibrooa 
membrane  (m)  16  eoutinuwd  from  the  anterior  marpn  along  with  the 
outer  fibrous  layer  {*)  to  form  the  pupillary  aperture  («),  which  is  ta* 
QToached  upon  by  a  biiobed  process  analogous  to  the  curtain^  which  de* 
pends  from  the  iris  of  the  ray.  The  cartilaginous  sclerotic  is  lined  by  a 
thick  expansion  of  the  nervous  fibres  given  off  from  the  optic  gas* 
glion.  llie.w  fibres  are  sent  off  from  the  outer  surface  of  the  gangUoo* 
which  presents  a  pulpy  texture  in  its  centre.  They  are  grouped 
into  flattened  bundles,  which  decussate  each  other  l)efore  perforating 
the  carliluginous  sclerotica,  and,  after  expanding  into  the  retina  (cro)^ 
ext^^'iul  towards  tfie  groove  of  the  crystalline  lenSi  and,  being  joined 
by  a  thin  membrane  from  the  anterior  margin  of  the  c^irtilagiocral 
sckTotic,  it  tonus  a  ciliary  plicated  zone  (pp\  which  penetrates  th6 
groove  of  the  crystalline  lens. 

The  inner  surface  of  the  retina  is  covered  by  a  layer  of  dark  pig^ 
ment  (y),  which  is  penetrated  by  the  papillie  of  the  retina.  Thj 
vitreous  humour  has  a  distitict  and  strong  hyaloid  coat.  The  cry»i 
talline  lens  is  of  large  size,  and  consists  of  two  distinct  parts;  ih^ 
anterior  or  smaller  moiety  being  the  segment  of  a  larger  sphere,  anj 
the  posterior  that  of  a  smalkr  %phere:  they  are  separated  bj  delicate 
transparent  membranes  continued  from  the  ciliiiry  body.  The  len^ 
presents  the  same  denticulated  fibrous  structure  arranged  in  coKi« 
centric  laminie,  as  in  the  hifrher  animals. 

The  large  optic  ganglion  ( /*)  is  imbedded  in  a  white  lobular  niba 
stance  (A),  which  defends  it  from  the  pressure  of  the  musdea  of  tin 
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"^je-baO.  These  consist  of  three  straight  muscles  and  one  oblique^ 
which  take  their  origin  from  tlie  orbitnl  cartilages,  and  expand  upon 
the  sclerotic  tunic  of  the  eye-ball.  The  cornea  of  the  cuttle-fish  is 
perforated  bj  a  minute  hole  near  the  inner  or  anterior  margin.  In 
the  Octopus  the  corresponding  aperture  is  somewhat  larger,  and 
situate  more  in  the  axis  of  vision.  In  the  Calamaries  the  corneal 
aperiure  is  still  larger,  of  a  vertically  oblong  form,  and  the  capsule  of 
the  crystalline  lens,  which  projects  through  the  sclerotic  aperture,  is 
immediately  exposed  to  the  sea  water. 

The  Dibranchiate  Cephalopoda  are,  without  exception,  predatory 
and  carnivorous  animals*  We  have  seen  that  they  are  endowed  with 
formidable  organs  for  seizing  and  overcoming  tlie  struggles  of  a  living 
prey,  and  their  strong  sharp  hooked  jaws  are  well  adnpted  for  de- 
stroying and  lacerating  them  when  caught.  The  jaws  (^fiff.  225,  n,  b  ; 

Jig*  227,  A|  /)  are  sheathed  upon  a  firm  fleshy  substance  {c)^  the  fibres 

225 
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of  which  are  so  attached  to  the  base  of  the  mandibles  as  to  open 
them  ;  their  closure  is  effected  by  fasciculi  of  muscular  fibres  ivbicU 
surround  them  externally. 

The  tongue  is  parliully  covered  with  a  horny  phUc  (/),  beset  with 
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recurved  sptnefly  whieh  must  tseint  in  the  fartlier  oommuiittiain 
dt'glutitioii  of  the  food.  The  fauces  are  &Uo  proTided  witb 
roufl  folds  (A,  k)  of  membrane.  In  some  of  tHe  C^UjmiiirieSt  m  wIm 
tlio  superior  salirarj  glands  (i)  penetrate  the  fuld^  the  doeli 
tqion  the  inner  surface^  as  in  the  Nauttloa*  In  the  Octopus  thcl 
ierior  or  up^icr  salirarj  glands  ai'o  on  tbe  outride  of  the  buccal 
In  most  of  the  DihranchiaCes^  including  the  Spirmitiy  a  aeeeia 
larger  pair  of  salivarj  glands  is  situated  on  each  aide  of  the  d 
phaguis  nt  the  commencement  of  the  abdominal  or  hepatic  cant 
Ihtir  ducts  unite  to  terminate  below  the  tongue  in  the  coneafi^l 
the  lower  mandible* 

Tlie  peritoneal  membrane  is  divided  and  disposed  as  in  the  ] 
tilus,  in  order  to  form  special  receptacles  for  the  di Cerent  wim 
The  (P^ophagu!^,  in  all  the  Dihranchiates,  is  narrower  than  tn 
Nautilus;  its  inner  surface  is  disposed  in  longitudinal  plic»:  to  I 
the  Octopus  and  Argonaut  it  dilates,  ^sa 

soon  after  having  passt-d  through 
the  cranium^  into  a  long  ingtuviest 
forming  a  large  cul-de-sac  at  its 
commencement;  but  in  the  Deca- 
pods  (Jiff,  226»  a)  it  continues  nar* 
row  and  of  uniform  breadth  to  the 
stomach.  This  cavitj  {e)  is  an 
elongated  sac^   presenting*   in  the 

disposition  of  its  muscular  fibres,  tn 
the  proximity  of  the  c^irdiac  {d)  and 
pyloric  (e)  orifices,  and  in  the  thick- 
ness of  the  epithelial  lining,  the  usual 

characters  of  the  gi/,2ard.  The  in- 
testine,  at  a  short   distance   from 

the  pylorus  {e\  communicates  with 

a  gland «lar  and  lanrinated  sac  (y), 

analogous  to  that  in  \auiiltis^  and 

presenting  a  similar  globular  form 

in   liouift   and   L/oliffopns;    it    Ss 

elongated  in  LoUgo  vulffuris^  and 

spirally  convoluted   in    Sepia   and 

Loliffo  mgittaia   (f).     It  receives 

the  biliary  secretion  between  two 

broad  laraellic,  as  in  Nautilus,  The 

intestine    is    very  short  in  all  the 

Bibrnncliiates,     In    Octopus   it    is 

bent  upon  itself  (Jg,  227.  r),  as  in  Loiigo  i«gi««t». 
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Nautilus ;  but  in  Sepia  and  Loligo  {fig,  226,  t)  it  is  continued  for- 
wards in  a  straight  line,  from  the  stomach  to  the  vent.  Its  internal 
membrane  is  longitudinally  folded,  but  is  smooth  at  the  short  tract 
beyond  the  entry  of  tlie  duct  of  the  ink-bag  (k)  ;  its  termination  is 
constricted  either  by  the  muscular  fibres  of  the  branchial  septum,  or 
by  those  which  connect  together  the  pillars  of  the  funnel.  In  most 
Decapods  provided  with  fins  for  swimming  forwards,  the  anus  can 
be  closed  by  rhomboidal  {Sepia)  or  triangular  fleshy  valves  {Sepio- 
teuthis) :  in  Loligopsis  these  are  modified  into  the  form  of  antennal 
filaments.  There  is  no  ciliated  epithelium  in  the  intestinal  canal  of 
the  Cephalopods. 

The  Uver  {fig,  227,  x)  is  of  large  size  in  the  Dibranchiates,  but  of 
more  simple  form  than  in  NautUus,  It  is  usually  of  a  reddish  yellow 
colour.  In  Sepia  it  is  divided 
into  two  lateral  lobes,  which  are 
notched  at  the  upper  extremity;  in 
Onychoteuthis  it  is  a  simple,  elon- 
gated, compressed  lobe  with  un- 
divided extremities :  in  Octopus  it 
forms  a  single  oval  mass,  flattened 
anteriorly :  in  Eledane  it  is  spherical, 
corresponding  with  the  ventricose 
visceral  sac.  In  the  two  latter 
genera  the  ink-bag  {d)  is  enclosed 
within  the  capsule  of  the  liver,  and 
was  mistaken  for  the  gall-bladder 
by  some  of  the  early  anatomists  of 
these  Mollusks;  but  in  the  Argo- 
naut and  the  Decapods  it  manifests 
its  distinct  function  by  its  sepa- 
rate position.  The  liver  is  sur- 
rounded by  a  smooth  capsule,  and 
into  lobules,  as  in  the  Nautilus  and  lower  MoUusca.  The  biliary 
ducts  in  the  Octopods  are  simple  canals  which  unite  and  terminate 
By  a  common  orifice  in  the  pancreatic  sac  In  the  Decapods  they 
receive  the  ducts  of  numerous  clusters  of  csecal  appendages  beyond 
the  smooth  part  of  the  liver,  which  may  perform  a  function  analogous 
to  the  pancreas.* 

The  ink-bag  consists  of  tough  white  fibrous  texture,  the  outer  sur- 
face of  which  is  coated  by  a  thin  silvery  or  nacreous  layer ;  its  inner 
surface  presents  a  fine  spongy  glandular  texture.     It  is  usually  of  an 
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is  not  subdivided  externally 
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oblong  pyrtfurm  sliape,  as  in  Oeioput  (^g,  227^  «!),  Sepia^  and  j 
(J^.  226,  /);  but  it  presents  at  certain  siMisona  a  inlobale  fomj 
the  Sepiola.  Id  which  Peters  *  baa  obs49rv«d  It  to  cootrmct ) 
It  18  a  rerj  active  organ,  and  its  inkj  secretion  can  be 
with  great  activitj.     The  tint  of  die  secretion   varies  i 
s)»G<;ies»  as  is  exempUSed,  in  its  inspissated  state;,  by  the  Italian  ] 
ment  called  ''  sepia,**  and  the  Chinese  one^  called  ^*  indlan  tote."    It( 
also  Terj  durable^  as  is  shown  hj  its  froqueat  preaerva^on  in  a  I 
etate  in  bath  the  extinct  C4ilamarto0  and  theBdeoanitaa.   It  I 
bj  some  chemiiit^  to  contain  a  peculiar  animal  prmciple,  whicli^ 
liaa  termed  **  melanine.** 

Hany  of  tlie  Cephalopods  possess  the  power  of  emitting  a  in 
aeeretion.  t  AH  of  them  are  nocturnal  and  social  animal^  i 
readily  attracted  by  bright  metallic  substances* 

Pnor  to  the  dissection  of  the  Pearly  Nautilus,  the  Cep 
were  regarded  as  having  three  distinct  hearts;  but  two  of  1 
are  appropriated  to  the  branchial  circulation,  are  peculiar  to  the  1 
order^   and    are  perhaps 
the  mnin-spring  of  their 
•operior  muscular  eDer* 

Iji    the    Dibranchiatcs 
the  venous  blood  returns 
from  each  arm  along  its 
lateral  and  posterior  parts 
by     two     veins,     which 
severally    unite    at    the 
base  of  the  arm  with  the 
opposite   vein  of  ilie  ad> 
joining    arm,    the  whole 
being     ultimately     con- 
veyed   to    an     irregular 
cireulAr  sinns,  which  sur- 
rounds the  pliarynx,  and  Srpi*  o«dB«M*, 
is    continued   between    the    bead  and    the   funnel   Into   the   greal 
anterior  cava  {^fiff.  228,  a).     In  Ocioftus  this  vessd  is  provided  witfc 
two  semilunar  valves  at  its  conrmcncement ;  in  Sepia  with  a  singli 
valve.     At  its  entrance  into  tht*  pemartliurn  it  usually  receives  tw< 
large  visceral  veins,  returning  the  blood  from  some  large  Irre^lai 

•  XXIV.  p.  329, 

t  LinoiPtis  qtiotes  a  passage  twm  Rarthotiaus,  illustmliTe  of  the  lamiiMMa 
iurfacc  of  ft  Bprciei  of  fJetopus  which  shone  «o  bnghtly,  "ut  totam  t*iftlsttnn 
ardere  videretur."  This  phoipboresccace  might  be  post-mortcin,  aod  the 
commcnclog  decotnpMitioa. 
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abdominal  sinuses,  and  it  divides  into  two  branches  {g,  g),  con- 
tinued downwards  and  outwards  to  the  branchial  hearts  at  the  base 
of  each  lateral  gill:  previously  to  communicating  with  these  it 
dilates  into  a  sinus,  which  receives  the  venous  blood  from  the 
sides  of  the  mantle.  The  two  divisions  of  the  vena  cava,  and  also 
the  visceral  veins  (b,  6),  after  having  entered  the  pericardium, 
are  furnished  with  clusters  of  glandular  follicles,  which  open 
into  these  veins  by  conspicuous  foramina.  The  follicles  vary 
in  form  in  different  genera;  in  Eledone  they  are  elongated  and 
pyriform :  in  Argonauta  and  Octopus  they  are  shorter,  and  arranged 
in  distinct  clusters :  in  lA)ligo  they  are  represented  by  a  spongy 
thickening  of  the  tunics  of  the  veins :  in  Sepia  the  secerning  ap- 
pendages are  more  elongated,  but  are  very  numerous,  close-set,  and 
of  an  irregular  form,  giving  a  tioccular  character  both  to  the  great 
divisions  of  the  vena  cava  and  to  those  parts  of  the  visceral  veins 
which  are  contained  in  the  pericardial  or  great  venous  cavity.  The 
special  compartments,  into  which  these  glandular  appendages  to  the 
veins  are  lodged,  communicate  with  the  respiratory  cavity  by  two 
papillary  orifices,  situated  near  the  base  of  the  gills.  Cuvier  had 
suggested  that  these  appendages  might  serve  to  eliminate  some  prin- 
ciple from  the  blood  :  and,  as  the  kidneys  derive  their  peculiar  excre- 
tion from  venous  blood  in  the  lower  Yertebrata,  Mayer's  supposition* 
that  the  venous  follicles  of  the  Cephalopods  were  analogous  organs, 
was  not  an  improbable  one :  it  has  since  been  confirmed  by  the  dis- 
covery in  them  of  purpurate  of  ammonia,  f  They  may  serve  in  a 
secondary  degree  as  temporary  reservoirs  of  the  venous  blood  when 
it  is  impeded  in  its  course  through  the  gills  ;  and,  as  the  venous  fol- 
licles are  endowed  with  a  peristaltic  motion,  they  may  regulate  the 
quantity  of  blood  transmitted  to  the  gills. 

The  accessory  hearts  {fig.  21^8,  A,  h)  are  situated  one  at  the  base 
of  each  gill.  The  regurgitation  of  the  blood  into  the  glandular  veins 
is  provided  against  by  the  interposition  of  the  two  semilunar  valves 
at  the  entry  of  the  ventricle,  where  it  receives  the  blood  from  the 
great  vein.  In  the  Decapods  and  in  the  Argonaut,  each  branchial 
ventricle  has  a  fleshy  appendage  {x)  attached  to  its  lowest  surface. 
Cuvier  correctly  observes  that  the  ventricle  itself  is  more  cellular 
than  fleshy  \  :  but  its  direct  connection  with  the  branchial  inferent 
vessel,  and  its  valvular  structure,  incline  me  to  regard  it  as  more 
properly  belonging  to  the  circulatory  than  the  aquiferous  system. 

A  single  branchial  vein  which  dilates  into  a  small  sinus  {Jig,  228,  /) 

*  Analekten  fur  Vergleichenden  Aoatomie,  4to.  1835. 
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returns  the  blood  lo  m  nogle  tuedum  tyatemic  hemM%  wbieh  la 
in  Uic  Octopodfl,  lojsenge-flliiiped  in  the  Cikmarie^  mud  riiiifim» 
bent  ypon  itBelf,  id  the  Sepia  (m)  S^p^oHiuikiM^  mud  Sepi^!/^ 
semU  oflT  two  aort«,  an  in  tbo  Nnutllus,  the  tar]^er  or  poiiorior 
(r)  being  provided  with  ft  rau^cuUr  bulb,  and  witb  two 
vmlfes  at  itii  origin*     The  distribution  of  the  Uurgo  movlA  Tts 
f«fi6iiibl6a  that  of  the  Nautilus.     The  irascular  ring  which 
the  (Btophagua  typifies  the  branchial  arches  in  the  A^ertebrate 
but  it  5uppH^a  the  head  and  all  it»  complex  nuliatiog 
Dilatations  of  the  brancbid  arteries  Like  aeceasot^  hearta^  Imv^ 
observed  *  in  the  subatance  of  the  arms  of  the  great  Calaiittrjr  ( 
an^ittata).     Hugh  Miller,  in  a  vivisection  of  thia  S|>ecl«s,  aaw  ^ 
yellow  tubular  heart    propelling    into   transparent   tubular 
yellow  blood,"  and  he  noticed  lying  detached  fVom  it  *'  the  two 
coloured  hearts.*'  f     The  email  aorta  auppUea  th«  atomach,  tol 
branchifp,  and  genital  organs. 

The  branchiae  (y^,  227,  i.^fi^,  228,  i)  are  two  in  imtnber, 
name  of  the  order  indicates.      They  are  concealed,  ms  to  tl 
ttlu«f  by  the  mantle,  /,   which  extends  in  front  of   the 
form  the  branchial  chamber :  the  muscuUr  tube  called  tbe 
(Jfff-  227 r  *)    projects    from    its   outlet*      The    rectum     opc^na 
tlie  brnneliiid  diauiber  at  the  base  of  the   funnel^   manifestifig 
same  relation  of  the  breathing  organs  to  the  termioatifMi  of 
alimentAry  canal,  which  character] aes  the  MoUaaca  generally*     I 
gill  consists,  as  in  the  Nautilus,  of  a  number  of  triangular  Taacali 
laminfe,  extending  transversely  from  either  s^ide  of  the  Heaby  g] 
stem,  and  decreasing  in  size  to  tht*  extremity  of  the  gill : 
is  composed  of  smaller  traDsver&e  lamime,  which  are  themselrati 
larly  subdivided,  the  entire  gill  predenting  the  tri pinnate 
which  affords  an  extensive,   though  close-packed,  surface  for 
minute  subdivision  of  the  blood -ressels.     In  Loligapsis  eacJi  gill 
twenty-four  pair;*  of  plates  :  in   Sepia^  tLir!j-six   pairs ;  in 
sagittata^  sixty  pairs.     Tbe  stem  of  the  gill  is  not  only  ai 
its  base^  but  by  a  thin  fibrous  membrane  through  nearly  it9 
length  to  the  mantle  ;  the  branchial  artery  extends  along  the  ati 
border  or  atom,  the  branchial  vein  along  the  free  border ;  the  cj: 
lation  through  the  artery  is  accelerated  by  the  contraction  of 
surrounding  fibres  of  the  stem. 

The  mechanical  part  of  the  respiratory  act  is  performed 
muHCulnr  actions  of  the  mantle  and  funnel,  the  gills  not 
vided  with  vibratile  cilia,  as  in  many  of  the  inferior  Mollusks.     Tl 


beiii0^ 


•  CCCCVt. 


t  CCCXCIV.  p.  447. 


CEPHALOPODA.  i 

water  is  admitted  into  the  branchial  cavity  at  the  anterior  aperture 
of  the  mantle,  outside  tlie  base  of  tho  funnel  Two  large  valvular 
folds  of  fibrous  membrane,  which  are  concave  towards  the  respiratory 
cavify,  prevent  the  currents  from  escaping  by  this  entry:  they  are, 
therefore,  propelled  by  the  whole  force  of  the  contraction  of  the 
muscular  mantle  through  the  cavity  of  the  funnel,  the  base  of  which 
is  articulated,  in  roost  of  the  Cephalr^pods,  by  lateral  joints,  with  the 
sides  of  the  anterior  aperture  of  the  mantle. 

Although  the  apertures  which  I  first  pointed  out  in  the  Nautilus, 
near  the  base  of  the  gills,  are  situated  on  prominences,  which  seem 
Intended  rather  to  let  excretions  out  than  fluids  in,  they  are  regarded 
by  Siebold  as  being,  together  with  some  analogous  apertures  in  the 
Di branch! at 63,  parts  of  an  **  aquiferous  system."  This  system  is 
described  by  that  usually  accurate  and  sound-judging  anatomist*  as 
**  occupying  the  entire  trunk  of  the  Cephalopoda,  and  terminating  by 
two  orifices,  between  which  lies  the  duct  of  the  ink-bag,  and  which 
are  often  situated  on  a  small  tubular  eminence  of  the  peritoneum. 
Kach  of  these  orifices  leads  to  a  spacious  tliin-walled  cavity,  near  the 
pericardium*  It  contains  the  two  venaa  cav®,  with  their  appendages, 
and  communicated  by  orifices  and  canals  with  other  aquiferous  eavitiea 
surrounding  the  various  viscera,  as  e.  g.  the  stomach  and  caacum, 
and  the  two  so-called  branchial  hearts.  There  is  another  system  of 
aquiferous  canals  under  the  skin  of  the  head  and  neck.  It  consists 
of  several  large  reservoirs,  which  extend  somewhat  deeply  between 
the  organs  of  this  portion  of  the  body.  These  reservoirs  commu- 
nicate ex^ternally  by  orifices  situated  upon  different  points  of  the 
head/*  The  peritoneal  and  pericardial  orifices  in  some  cartilaginous 
fishes,  and  the  peritoneal  orifices  in  the  crocodile,  are  the  last  homo- 
logous traces  of  the  aquiferous  system  of  the  marine  invertebrates  ! 
bat  the  valvular  structure  of  the  orifices  is  opposed  to  the  idea  of 
their  performing  a  similar  function,  viz.,  admitting  water  into  the 
peritoneal  and  pericardial  cavities*  And  further  research  i^  needed 
to  determine  what  actually  goes  in  or  out  of  the  openings  between 
the  branchial  and  peritoneal  cavities  in  the  Cephalopodst 

The  Cephalopods  are  dioecious  :  the  males  are  fewer;  and  generally 
amaller,  than  the  females ;  and  some  fpecies  have  more  definite  out- 
ward sexual  characters. 

In  a  male  Nautilus  pompilius^  V.  der  Hoeven  t  found,  beneath  and 
external  to  the  internal  labial  processes,  a  fold  from  which  a  dis- 
memberment of  the  right  external  labial  process,  consisting  of  the 
confiuent  aheatha  of  four  tentacles,  projected.     On  the  left  aide^  in 
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the  place  of  the  external  labial  fmx*es^  there  was  a  cxmoid 
2|  inches  long,  also  furmed  of  four  teotaeolar  sheaibs,  cmm  of 
was  shorter  and  terminated  freelj*  the  other  tkree  renkalned  ooniUetf 
to  the  end  of  the  proceM ;  it  occupied  much  of  the  space  tpckiMlf 
the  external  circle  of  t^itacular  sheaths* 

The  male  Argonaut  hat  ao  analogous  modification  of  the 
aysteuif  indicative  of  its  gex.  Not  any  of  the  <;ephallG  arm 
shaped,  hut  one  of  them  is  longer  and  much  thicker  than  the 
and  iin  double  series  of  suckers  are  longer  and  more  niiiikcroo&' 
the  female  Argonaut  (^^.  220.),  tuv^o  of  the  arms  dcTelofie  the 
and  thin  membranes,  which  forro^  repair^  aatl  asttallj  OTerkp  chfl 
delicate  nidamental  ehellf,  which  is  peculiar  to  this  aex^  In  1^ 
Calamary  (Loliffa  vnlifaris),  the  gladins  of  the  male  is  one 
shorter,  but  19  broader  than  that  of  the  female*  The  sefnom 
Cuttle  (  Sq^ia)  shows  a  similar,  but  not  so  much  sexoa]^ 
Its  proportions.  In  the  Dibranchiates  the  male  organs 
lestifli  a  iras  deferens^  a  vesicuta  aeminalis,  a  prostate^  tlio  sac  of  Ai 
spermatophora,  and  the  penis. 

The  testis  is  situated  in  a  particular  compartmeiit  af  the  perilo* 
neum  at  the  bottom  of  the  visceral  cavity ;  that  membraoe  beisg 
reflected  over  it,  from  one  point,  to  form  its  serous  capsule:  it  it 
simple^  roundish  or  oblon^r,  and  consists  of  a  fibro*membrano«is  posdl 
{Jiff.  229,  aa\  to  one  part  of  the  inner  surface  of  which  are 
a  number  of  slender  branched  tubuli  {b\  diverging,  dieh 
and  terminating  in  blind  extremities:  the  tubuli  swell  at  the  breed^ 
season,  burst,  and  discharge  an  opaque  white  fluid,  crowded  witlk 
spermatozoa,  into  the  cavity  of  the  sac,  whence  it  escapes  by  a  eoo- 
tracted  orifice  (c)  into  the  slender  and  convoluted  vas  deferens  (d)» 
where  the  fluid  is  moulded,  by  the  addition  of  a  mucous  secretiua, 
into  a  cylindrical  coherent  mass.  In  this  state  it  is  transmitted  to  • 
wider  glandular  canal  (>),  having  fibrous  porietes  and  a  cellular  ca?itT 
in  Octopus,  and  being  encroached  upon,  in  Sepia ^  by  n  plicjited  produc- 
tion of  the  lining  membrane  :  this  division  of  the  efferent  part  of  tfae 
male  apparatus  answers  to  the  glandular  part  of  the  oviduct  in  the 
female :  here  the  spermatozoa  are  enclosed  in  fllamentarj  sheaths  of 
albuminous  matter,  of  a  definite  form,  according  to  the  species  of 
Cephah>[)o<l.  The  anterior  extremity  of  this  contractile  vesicola 
communicates,  in  OctopuM,  with  a  wide,  bent,  aocal  tube  (prostate^/), 
with  thick  glandular  parietes,  and  having  tlie  form  of  a  simple  pouch 
in  Sepia,  from  which  a  short  and  wide  duct  leads  to  a  looger  and 
larger  pyriform  pouch,  **  Bursa  Needhamii,"  or  spermatophoroas 
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f^)»  witU  thinner  wall^,  contaiDing  the  sperm atophores,  or  moving 
lilameiiU  of  Neeflham*,  and  frum  wLicli  pouch  the  short  muscular 

penis  (k)  IB  coritmued.  The 
prostate,  in  Sepiola^  com- 
municates hy  a  long  and 
slender  duct  with  the  vesi- 
cula  seminalia.  The  moving 
filaments  (/i)  in  the  terminal 
pouch  are  capsules  of  sper- 
matozoa and  sperm  -  fl  u  id^ 
with  a  singular  associated 
mechanism.  Thoy  form  one 
of  tlie  most  remarkable  pecu- 
liarities of  the  Cephalopoda, 
and  have  been  regarded  as 
parasitic  worms*   under  the 

/^-^^ ^^  \;*jf^  J^      iWi      names    of  Echinorhiftwhus^ 

■--^       *^^-Vj^I^(2P*^^      ulll       Scalex     dtbothrius^     Need^ 

hamia  expuhatoria^  ho, ;  but 
were  right! j  recognised  as 
sperm-holders  bj  Swam* 
merdam^f 

In   Octopus  i^fig.  229,  h) 

they  ai'e  from  six  to  eight 

lines  in  length,  slightly  en- 

M*ie  orf«iii,  ociopMt,  larged     at    one    extremity. 

Their  outer  tunic  or  capsule 
is  elastic  and  transparent :  thii  contains  an  elongated  sac^  occupying 
the  larger  extremity  of  the  sheath,  and  filled  with  the  minute  cla\^ate 
spermatozoa.  This  sperm-sac  comraumcates  by  a  short  narrow  canal 
or  isthmus,  with  a  second  narrower,  elongated  sheath,  inclosing  a 
highly -elastic  piston,  from  which  a  spiral  filament  is  continued  to  the 
small  extremity  of  the  outer  aheath.  In  the  Cuttle-fish,  the  isthmus 
connecting  the  sperm-sac  with  the  ejaculatory  sac  is  longer,  and  the 
coils  of  the  spiral  membrane  are  closer  and  more  numerous*  The 
spermatopl lores  of  the  Calamary  are  remarkable  for  the  superior  si«e 
and  length  of  the  internal  sac  containing  the  spermatozoa.  Under 
every  modification,  the  analogy  of  the  apparatus  which  forms  the 
receptacle  of  the  essential  particles  of  tlie  fertilising  fluid,  with  the 
nidamental  sacs  containing  the  ova  in  the  opposite  sex,  is  yt&ry 
obvious*    The  spermatophorefl  in  the  bursa  are  regularly  arranged 
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In  saperimpoaed  longitQdin&l  Inyen:  Uielr  ft&leriCMr  ends 
forward^  their  opposite  ends  often  bound  fogjolihar  bj 
fUftmentA.  The  maTeroents  of  the  epenaatophoro^  when  liteiSel 
from  the  sac^  are  truly  remarkable :  the  smaller  extresnitj  of  thi 
outer  capsule,  to  which  the  spiral  spring  18  attachedly  protmdea  by  a 
kind  of  inversion,  and  the  inner  spermatic  aac  ia  draim 
the  action  is  repeated  until  the  ejaculatory  aac  ta  extended 
sheath,  when  there  is  a  slight  cessation  of  moFement*  It  then 
commences  ;  the  sperm^aac  is  compreased  and  protruded  farther ;  tke' 
isthmus  givea  way,  and  the  spermatozoa  are  Tiolentlj  expelled,  batli 
outwarda  and  into  the  cavity  of  the  external  sheath.  The 
cause  of  the  moTements  appears  to  be  a  combination  of  the 
tility  of  the  external  sheath  and  sperm  receptacle,  with  the  i 
of  the  spiral  membrane,  and  the  yery  rapid  endosmoeia  through  the 
highly  hygroscopic  capsule*  The  Unal  intention  of  the  superadditiaa 
of  protecting  sheaths  for  the  semen*  like  those  for  the  ova,  ^peara  la 
relate  to  the  safe  conveyance  of  the  spermatozoa  to  the  owm  of  !(ba 
female,  there  being  apparently  no  true  intromission  in  the  Oephab- 
pods ;  the  peculiar  mechanism  of  the  sperm-receptaclea  iiunirea  their 
rupture  and  the  dispersion  of  their  contents  after  their  hdef  tnnsit 
through  the  sea-water.  The  spermatoiK>a  in  the  Octopode  ha?e  a 
small  button*shapcd  head:  those  of  the  Decapods  ha^e  a  Wigw 
cylindrical  head,  and  a  very  long  and  slender  tail. 

The  spermatozoa  in  the  receptacle  of  the  modified  cephelio  ana 
{Meoto«>tjfbu)  of  the  male  Argonaut  present  the  same  form  as  in  tlie 

The  cumulative  experience  of  numerous  obaerverSy  since  1839,  hai 
led  to  the  conviction  that  the  Argonauta,  with  the  expanded  anas 
and  shell,  was  the  female  form  of  the  species.* 

The  discovery  of  the  male  has  been  attended  with  such  diflicolties 
as  wo  have  seen  to  beset  the  like  problem  in  some  of  the  lower 
invertebrata. 

Delia  Chiaje  first  (1828)f  figured  and  described  an  organism 
which  he  found  attached  to  the  female  Argonaut,  and  which  he 
believed  to  be  a  parasite,  describing  it  under  the  name  of  TViekoe^ 


•  nCCXCVIIL  **  He  hjid  diiiectcd  eveiy  speciiacn  of  ArjEronaut  in  tha  , 
oollaotioii,  in  which  the  abjencc  of  ^vn  in  the  ichell  left  the  ocx  doubtful,  mid  tbej 
all  pft)Ted  to  he  females :  this  fact  rendiTCfl  it  jdlowtible  to  conjccrare  thitt  the  cat' 
cifring  brachial  mcmbrancip,  and  con5te<]nentlj  the  shell,  might  he  wxhaI  chAracUf* 
tmil  peeultor  to  the  female/'  "  Should  it  be  hereafVer  proved  that  the  nude  Axp>* 
II nut  y>rK&sessetI  neither  a  shell  nor  the  organs  for  secreting  it,  this  f&ct  would  not 
n^ndiT  th<*  hrpnthesi?  of  the  parasitism  of  the  femAlc,  which  does  pOMesi  the  cald* 
f^ng  mrmbraiipfl,  at  aU  the  less  tenable."  p.  39. 
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phalm  ncetabtdaris  oo  account  of  the  number  of  suckers  with  which 
it  was  beset.  In  the  following  year,  Cuvier,  having  received  a  similar 
organism  which  Laurillard  Lad  detected  in  a  Cephalopod  called  Octo- 
pujs  granulosus^  also  believed  it  to  be  a  parasitic  worm,  for  which  he 
proposed  the  name  of  Hectocotylus  Octopodis^t  assigning  the  name 
of  Hectocotytus  ArgonauttE  to  the  previously-observed  species. 

In  1842  Kollikerf,  having  detected  the  same  organism,  apparently 
parasitic  on  the  female  Argonaut,  carefully  scrutinised  its  structure, 
found  that  of  the  skin,  with  its  complex  pigment  cells,  and  that  of 
the  ace  tabu  la,  identical  with  the  same  parts  in  the  Argonaut :  he  de- 
tected, moreover,  in  a  dilated  hollow  part  of  the  organism,  a  quantity 
of  8(»ermatozoa,  having  the  eharact43ri3tic  form  of  those  of  the  Octopod 
Eledone^  and  came  to  the  bold  conclusion  that  it  was  the  long-sought- 
rfar  male  of  the  Argonaut,  arrested  in  its  development,  and  subsisting 
parasitically  on  the  female,  like  the  diminutive  males  of  the  llotifera, 
Epi^Oi  and  Cirrlpedia,  It  may  serve  as  a  wholesome  warning 
against  entering  upon  a  scrutiny  of  parts  whilst  prepossessed  by 
a  foregone  conclusion,  to  remember  that  the  acute  and  usually 
accurate  observer  describes  and  figures  tlie  digestive,  circulating  and 
respiratory  organs  of  the  same  supposed  independent  individual 
male  animah 

Veranyl  first  had  tlie  i»ood  fortune  to  discover  the  Hectocotylus, 
or  presumed  parasitic  male  Argonaut^  forming  one  of  the  arms,  sin- 
gularly modified  and  developed,  of  a  little  Octopod,  which  he  figured 
under  the  name  of  Octopus  Carente,  Miillor  §,  Huppcll,  and  others 
were  not  slow  in  demonstrating  th^t  this,  or  a  similarly  moditied 
Octopod,  was  really  the  male  of  the  Argonauta. 

As  in  the  8pider8,  which  some  Cephalopoda  so  singularly  resemble 
in  outward  form,  certain  species  of  thw  Octopod  family  have  the  male 
apparatus  extended  into  one  of  the  cephalic  arms.  In  the  AraneidsQ 
the  spermatic  reservoir  of  the  palp  is  quite  isolated  from  the  testis  of 
the  abdomen  i  in  the  Octopus  granuloMU^  and  Argonauta  argo  the 
spermatic  duct  is  continued  from  the  testis,  which  occupies  the  usual 
position  in  the  abdomen,  into  the  base  of  the  sexual  urm,  and  opens 
into  a  dilated  reservoir  at  the  termination  of  that  singularly  modified 
member.  It  ia  somewhat  longer  than  the  longest  of  the  ordinary  or 
unmodified  arms,  and  is  much  thicker.  The  ace  tabula  are  larger 
and  more  numerous,  but  retain  the  arrangement  in  a  double  row. 
The  structure  of  these  suckers,  and  of  the  skin,  resembles  thut  of  tbe 
homologous  parts  in  the  female  Cephalopod,  as  Kolliker  most  acutely 
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mAdG  out :  tlie  oilier  modlfieatioDs  of  the  arm  relate  exdu^Tely  to 
die  impregiitttliig  fuociion  assigned  to  iu 

One  presumes  thatt  in  the  coitus,  the  anus  of  the  two 
mutually  ioterhi^ced,  as  described  hy  Arutotle,  the  expanded 
cuUr  eod  of  the  modified  arm,  with  the  spermatozoa^  ia  iotrodinal 
imo  the  funuel  of  the  female  :  hut  with  whatever  part  <^  her  atir&Gt 
the  mascuUoe  arm  comes  into  contact,  it  adherer  thereto  foreitllj  bj 
means  of  the  douhle  close-set  row  of  large  suckerB*  Xo  tlie  rioleal  act 
of  terminatioo  of  the  embrace,  whether  through  alarm  or  odier  caatf^ 
the  modified  arm  is  snapped  off  and  IqW  adheriog  to  the  fi^nale  bj  Ae 
Sttohers,  where  it  loug  retains  the  power  of  motioa.  S<icli  ia  tktei^ 
olasbn  of  the  long-mooted  questions  of  the  Argonatic,  ica  diaDL  At 
jise  of  the  brachial  membranes  or  **  sailS|"  and  the  true  aexaal  dlft< 
linctions  of  the  male  and  female. 

The  fumale  organs  considt  in  the  Dibranchiate  Cephalopodi^  as  ia 
the  Nautilus,  of  an  ovarium,  oviduct,  and,  usually,  ttidaniental  glaBd% 
but  with  several  modifications  in  the  e^erent  }>art  of  the  appafatoa 
Tlie  ovary  is  always  siugle,  of  a  round  or  oblong  form,  loogest  aad 
narrowest  in  LoUgo  gagittaia ;  it  is  a  sac  with  a  seroiis  and  a  fins 
fibrous  tunic  :  the  ovisacs  {fig.  230,  a,  a),  formed  of  a  tbio  membnuit 
derived  from  the  general  sac,  are  usually  of  an  elliptical  form  and 
seem  reticulate  by  the  characteristic  folding  of  the  vitelliiie  lani 
the  ovum  appearing  through  the  transparent  membrane :  lliej 
attached  to  one  part  of  the  ovarian  cavity,  as  in  the  Nautilua.  The 
ova  and  ovisacs  are  proportionally  larger  in  tlie  I>eca|»e<ifl  ihaa  ihs 
Octopods;  are  largest  in  Stpiola^  smallest  in  Ar^ommtim.  In  lilt 
Oetopods  there  is  a  communication  between  the  ovarian  aac  and 
the  aquiferous  pericaxdial  cavities  which  open  into  the  branchial 
chamber. 

In  Sepia,  Sepiota,  Rosgia^  and  LoUffo  vttlgaris^  there  is  a  sti 
oviduct,  with  a  glandular  laminated  outlet ;  and  there  are  two  disti! 
laminated  ntdamental  glands  on  each  s\A'Q,  of  its  termination*  In  the 
Octopods  there  are  two  oviducts*  which  in  Argonauia  and  Trrm- 
oetopus  are  simple  ;  but  in  Octopus  and  Eledone  are  each  provided 
with  a  special  glandular  enlargement  about  the  middle  of  thi 
course  :  tbere  are  no  detached  nidamental  glands.  In  Loligo 
ifUa  and  OngchaieuthU  there  are  two  distinct  convoluted  ovidi 
and  two  separate  nidamental  glands.  These  glands  in  the 
fish  rest  upon  a  soft  parenchymatous  body,  of  a  bright  orange 
the  corrc8pond)ng  part  is  rose-coloured  in  Sepiola  :  it  is  double  la 
RoMia  {Jig,  230t  f\  t),  and  the  Calamaries :  these  bodies  baTe  no 
ducts,  and  appear  to  be  ttie  homologuea  of  the  suprarenal  bodUei  ja 
the  vertebrate  animals. 
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The  subjoincrl  illustration  (fy.  230)  of  the  female  organs  in  the 
Cephalopoda  h  tak^^n  from  the  Boma,*     The  ovarian  cavity  is  laid 

open,  showing  the  ovisacs 
(cr,  a),  which  are  fewer  in 
number,  but  relatively  double 
the  size  of  those  in  Sepia  ;  one 
{h)  is  in  the  act  of  shedding 
the  ovum  (/) ;  others  (c,  <?), 
having  discharged  their  ovum, 
were  collapsed  and  in  progress 
of  absorption*  The  oviduct 
(rf)  commences  by  a  round 
aperture,  and  continues  mem- 
branoua  to  the  terminal  gland 
{e)  allowing  the  ova  (J'if)to 
be  seen  through  it.  The  gland 
(e)  consists  of  two  semioval 
groups  of  transverse  glandular 
lamellse.  The  oviduct  termi- 
nates, as  in  St'pia  and  Stpiola^ 
on  the  left  side,  behind  the 
orifices  of  the  nidamental 
glands  (^,  g).  These  bodies 
are  situated  on  the  ventral 
aspect  of  the  abdomen,  but  are 
attached,  like  their  homology es  in  Nautilus  and  the  Gastropods,  to  the 
mantle.  They  are  each  composed  of  a  double  series  of  transverse, 
parallel,  close-set  lamina^  tlie  straight  margins  of  which  are  free  and 
turned  towards  each  other,  along  the  middle  line  of  the  gland*  When 
this  is  laid  open,  an  impacted  layer  of  soft  albuminous  substance  is 
found  occupying  the  interspace  of  the  two  sets  of  lamina*;  in  which, 
in  Rossia,  it  is  moulded  into  a  filamentary  form,  whence  it  escapes  by 
the  anterior  orifice,  as  at  ihKjig*  230.  Each  supplementary  body, 
f,  t,  is  indented  by  a  deep  groove  close  to  the  aperture  of  the  nida- 
mental gland  :  it  may  assist  in  moulding  the  secret] on,  and  applying 
it  to  the  ova  as  they  pass  out*  The  female  organs  of  Spirula  are 
like  those  of  Rossia;  but  1  found  the  ova  in  the  oviduct  packed  so  as 
to  lie,  three  or  four,  in  the  same  transverse  line.  In  the  Argonauta 
the  oviducts  form  severol  convolutions  before  they  ascend  to  their 
termination  in  the  branchial  chamber,  where,  as  in  Or.topuB^  the 
Tttlvse  are  wide  apart ;  their  Lining  membrane  has  an  uniform  thick 
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gl«iiditlar  dtmcter*    In  llie  LoUgo  mgiuata  the  ovidiuM 
ftbout  onMhird  oC  the  kngth  of  Ibe  ovarj  from  ita  a&ierior 
•Ite  a  abort  course  are  di^pooed  in  sixteen  dose^  iraosrerae 
after  which  they  are  coniinaed  straight  to  their  lenittDal  gl 

With  r<»pcct  to  the  act  of  impregnation  in  the  Ceplii 
fltoUe,  whose  knowledge  both  zoological  and  zootomiciLl  of  Ihia 
was  greatf  gires  two  accounts.*  In  the  fifth  book  of  Uie  **  Histoni 
Animalium/^  he  states  that  the  Octopm,  Srpia  and  JLaUffo  eofiolati 
in  the  same  manner;  the  male  and  femnie  having  their  beads  tomel 
towards  each  other,  and  their  cephalic  amii  being  so  eo-ii4a|yted  at 
to  adhere  by  the  mutual  apfHtsition  of  their  sockers.  In  tbia  act  lbs 
Poulps  (  Ociopus)  are  said  to  seek  tlie  bottom,  while  the  Cattle^  and 
Calamaries  !«wim  near  the  surface,  the  individual  of  one  sux  flMyfii^ 
forwards  snd  the  other  backwards.  It  would  seem,  alao^  tfiat  ^< 
modified  arm  of  tlie  male  in  certain  Octopods  ha4  not  eacaptd 
notice,  for  he  adds  (eh.  v.  1.),  ^'Aiunt  nonnulli  marem  hmbera 
nihil  simile  genitoli  in  uno  ex  brachiist  quod  duo  maxima 
continent :  id  protend i  quasi  nervosum  usque  in  mediimt 
«tque  totum  in  infundtbulum  ficminie  inseri.** 

From  the  posttion  of  the  vulva  or  vairfl^  at  or  near  the  bsaeof  tlie 
funnel,  and  from  the  inclination  of  tbo  pants  in  tkb  CntdQ  to  lbs 
side  corresponding  to  that  where^  in  the  feawl^  ibe  Tohrm  opens,  it 
is  most  probable  that  the  sexes  do  combine  as  aboTe  described  ;  but 
actual  intromission  by  the  vulva  seems  physically  impossible  in  the 
Cephalopods*  The  males  may,  and  probably  do,  introduce  the  sper* 
matophores  into  the  pallial  cavity  of  the  female:  they  hare,  in  fae^ 
been  seen  attached  to  the  internal  surface  of  this  cavi^,  near  tba 
Tolra.  The  male  Argonaut  leaves  the  modified  Spermatopborooa 
arm  attached  by  its  suckers  to  the  interior  of  the  funnel  or  branchiaL 
chamber^  whence  arose  the  natural  mistake  as  to  its  being  a  parftsttift 
worm.  The  spermatozoa,  expelled  from  the  g^permatopho(r»  wliHe  hkt 
the  branchial  chamber,  may  be  conveyed  either  by  the  oviduct,  or  more 
directly  by  the  aquiferous  canals,  to  the  ovarium :  and  it  is  certaia 
that  impregnation  takes  place  before  the  ovum  has  passed  into  thft 
oviduct  and  has  acquired  its  nidamental  covering. 

The  ovanun  ova  consist  of  a  deep  yellow  or  rose-coloured  Tileltov 
enclosed  in  a  delicate  vitelline  membrane,  which  is  folded  longitudi- 
nally in  the  Octopods,  nnd  both  lengthwise  and  transversely  in  iho 
Decapods,  the  folds  penet rating  the  vitellus,  and  giving  the  ova  a 
reticulate    exterior.     After  dehiscence,  and  when  roodved   in    the 
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membranous  part  of  the  oviduct,  tlie  vitellua  expands,  the  folds  dis- 
appear, and  the  surface  of  the  egg  ia  smooth.  There  they  acquire 
the  chorion  and  receive  additional  layers  of  a  thick  albuminous  matter 
from  the  gland  of  the  oviduct,  which  may  be  compared  to  the  shell- 
secreting  cavity  in  the  oviduct  of  the  fowl.  The  ova  are  connected 
together  in  characteristic  clueters  by  the  secretion  of  the  superadded 
nidrt mental  glands  when  these  are  present. 

In  the  Argonaut  the  minute  ova  are  appended  by  long  filamentary 

stalks  to  the  cavity  of  the  involuted 
spire  of  the  shell  where  they  are 
hatched.  In  the  Tremoctopus  the 
cliaplets  of  eggs  are  bound  together 
in  the  form  of  a  stafi'^  by  a  lamel- 
la led  and  Bubgranular  secretion,  and 
are  so  carried,  according  to  Kolliker, 
attached  to  one  of  the  arms.  The 
ova  of  the  Calamary  are  enclosed  in 
long  transparent  gelatinous  cylindrical 
sheaths,  and  offer  a  close  analogy  to 
tlie  spermatophora  in  the  male.  The 
ova  of  the  Sepioteuthis  are  Likewise 
enclosed  in  cylindrical  sheaths ;  but 
these  are  shorter,  and  contain  fewer 
ova,  than  in  the  Loligo.  The  eggs 
of  the  Cuttle-fish  are  of  comparatively 
large  size,  of  an  oval  form,  attenuated 
at  the  extremities,  and  each  enveloped 
in  a  Jamellated  homy  covering,  which 
IB  prolonged  into  a  short  cleft  pedicle  at  one  extremity,  and  attached 
by  it  to  some  foreign  body :  numbers  of  these  ova  are  generally  found 
clustered  together,  and  they  have  commonly  received  the  namo  of 
sea-grapes  {Jig.  23 1)* 

Of  the  many  noble  contributions  to  Embryology,  which  science 
owes  to  German  physiologists,  none  surpass  in  importance  that^ 
from  which  the  following  remarks  have  been  abridged. 

At  the  beginning  of  the  development  of  the  e^g,  in  Sepia  offici* 
natist  the  germ- vesicle  with  its  nucleus  is  surrounded  by  a  small 
quantity  of  colourless  yolk,  and  all  the  parts  of  the  egg  grow,  but 
the  germ- vesicle  in  a  less  ratio  than  the  yolk.  Wlien  the  germ- 
veaicle  has  reached  its  full  sisce  the  yolk  increases  and  acquires  its 
characteristic  colour.    The  germ-vesicle  advances  cloae  to  the  vitel- 
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line  membr&ne  near  the  niurrower  end  of  the  egg  ;    and,  wliai| 
folda  of  tlie  vitelline  membrane  have  been  obliterated  in  th&  < 
egg»  Uie  genii*Teaicle  has  disappeared  or  becoine  olMCtired 
tiie  ttffaet  of  impregnation.  The  influence  of  the  reaiiltiQ^ ; 
%Midi^  or  primary  germ-cell,  extends  o?er  onljr  *  8n 
jrolkv  like  the  cicatncala  of  the  bird's  egg.      The    Baaiofi  ot  I 
germ-cell  manifests  iUeU  bj  two  slightly  elevated  promlaieiioei^  j 
Jfy.  2S%  JL,  <i,  in  each  of  which  is  a  secondary  nucleated  oelL   The  oest 
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atage  abowt  four  prominencos  {ib,  b)  ;  these  by  their  fission 
eight  (i&.  cX  of  a  triangular  form,  becoming  more  acute,  and 
apex  of  each  showing  the  hyaline  nucleus :  and  now  spontaoeoiis  I 
sion  manifests  itself  in  another  direction^  and  the  apicea  of  eftch  ( 
ment  seem  to  be  detached,  each  fission-sphere  (i^.  d,  a)  haringi  like 
each  fission-segment  {if\  its  proper  nucleus.  This  figure  sliovs 
the  sixteenfold  division,  affecting  the  central  cells  (a)  aa  well  s^  the 
segments  (6).  The  progressive  multiplication  of  sperm *foro6^oentres 
tnultiplies  the  peripheral  segments,  and  filb  the  central  space  with 
smaller  and  more  numerous  derivative  germ-spherules» 

The  germ-mass  thus  formed  may  be  divided  into  two  layerst  and 
the  outer  surface  becomes  smooth*  Its  further  increase  by  fiseion- 
growth  and  confluence  of  germ-cells  manifests  itaelf  by  alight  dera- 
tions from  this  **  cambium  **  (^ff,  233)  ;  the  first  of  these  is  a  median 
rhomboid   one,   which   is   the  basis   of  the  sss 

trunk  or  mantle-sac  (a);  two  small  bean- 
ehaped  prominences  (It)  become  the  eyes  ;  a 
linear  elevation  (d)  on  each  side  of  the 
mantle  indicates  the  lateral  halves  of  the 
funnel.  At  this  period  the  germ-mass  is 
two  lines  long  and  subcircular.  Next 
appear  the  cartilages  of  the  funnel  (e) ; 
then  the  rudiments  of  the  gills  (c) ;  afterwards  the  anterior  {^)  and 
posterior  (i)  cephalic  lobes  and  the  arms,  the  latter  beginning  with 
the  ventral  pairs  (1,  2);  and  now  there  is  evidence  of  ciliary  action  at 
many  parts  of  the  embryonal  surface,  as,  e,  ff,^  on  the  mantle,  the 
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fcrtira  of  the  funnel,  the  cephalic  lobes  and  eyes,  but  not  in  the  gills, 
tie  two  crura  of  the  funnel  elongate;  the  eyes  become  reniform, 
Two  other  (dorsal)  pairs  (3, 4)  of  arm  a  appear,  and  now  the  mouth  (^) 
19  established  as  a  median  semilunar  depression  with  a  raised  border. 
The  mantle  (which  is  built  up  from  below  or  behind)  becomes  larger 
and  more  prominent,  its  free  border  begins  to  be  detached  along  its 
ventral  side,  and  the  germinal  membrane  expands  upon  the  yolk. 
The  mouth  liberates  its  anterior  border  and  slides  from  the  ritelline 
mass.  The  crura  of  the  funnel  (Jig.  234,  d)  approximate ;  the  small 
gills  (ib.  c)  begin  to  get  under  the  still-growing  border  of  the 
234  mantle  (a),  and  a  small  pulsating 

eminence  (m),  between  tlio  gills 
indicates  the  systemic  heart. 
The  two  tentacles  (2)  now  rise 
near  the  posterior  cephalic  lobes, 
and,  from  the  beginning,  are 
more  slender  than  the  ordinary 
arms  (1>3,  4,  5).  The  miniature 
Sepia  i«  recognisably  sketched  out :  but  all  its  parts,  save  the  gilk 
and  funnel-lobes,  are  ciliary.  By  this  ciliary  action  the  embryo 
Loligo  rotates  in  its  chorion ;  but  the  yolk  of  the  Sepia  is  too  big» 
and  the  albumen  yields  to  the  microscopic  dynamic  and  flows  over  the 
embryonal  disc.  The  crura  of  the  funnel  first  coalesce  ot  their  dorsal 
^  margin  :  the  gills,  not  yet  quite  covered  by  the  mantle,  begin  to  show 
their  subdivisions :  the  eyes  (ib.  b)  receive  their  pigment ;  the  arms 
converge  towards  the  centre  of  the  cephalic  lobes,  but  they  show  no 
trace  of  suckers  ;  the  yolk  (p)  is  now  almost  quite  surrounded  by  ihe 
germinal  membrane (/)•  The  anterior  or  ventral  divisions  of  the  infun- 
dibular crura  lay  with  their  ^ree^  arched,  thick  borders  overlapping, 
and  finally  coalesce,  completing  the  dibranehiate  tubular  funnel,  the 
apex  of  w-hich  now  reaches  nearly  to  the  base  of  the  arms.  The 
eepium»  or  internal  shell  {Jig.  235,/),  the  digestive  canal  (^),  with  its 
appendages,  and  the  ink-bag  (c),  are  formed  suc- 
cessively ;  the  basis  of  the  nervous  system  was 
probably  coeval  with  the  appearance  of  the 
cephalic  lobes  and  cartilage.  In  the  course  of 
the  investment  of  the  yolk,  and  the  concomitant 
growth  of  the  embryo,  the  vitelline  sac  bexjomea 
constricted  into  an  external  (e)  and  an  internal 
(</)  portion  :  tho  constricted  portion  is  gradually 
elongated,  and  becomes  a  narrow  canal,  extend- 
ing from  the  head  by  the  side  of  the  mouth. 
The  external  yolk  progressively  becomes  in- 
lernal  as  the  latter  is  absorbed,  and  is  finally 
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subdivided  and  diflftppetrs,  whilst  the  iolBBliiial  mmaH  §9 
Tho  last  remn&nt  of  the  internal  yo\k*BBC  mjpfpman  to  be 
the  Octopus  by  the  aoterior  cooal  protongstion  of  the  crop.     At  Ihc 
Uncr  periods  of  development  the  respiratory  mommmBmtm  mre 
performed  bj  the  alternate  dilatation  and  eootrttctloa  of  ihm 
and  1^  a  oorreeponding  erection  and  depressioci  of  tlie  fimad  f 
iiik-l>ag  (e)  is  now  conspicuous  hj  the  colottr  of  its  eoitleiiti» 
are  sufficient  to  blacken  a  considerable  quantitj  of  w«lart  and 
little  Cephalopod  is  thus  prorided  with  the  means  of  concealiiig 
tram  anj  enemy  that  mi^ht  be  prepared  to  devour  it  uporo  its 
ence  from  the  defensive  covering  of  the  ovum.     At  the  period  of  ex- 
dntion  fife  of  the  layers  of  the  dorsal  shell  (/)  of  the  youog  ealde> 
Ml  have  beaii  formed ;  but,  exci^pt  the  nucleus,  which  is  ealeiieii 
they  art;  homy  and  transparent.     The  lateral  fins  are  not  nsfdy 
developed,  hut  are  broader  than  in  the  mature  animal ;  and  the  ce- 
phalic arms  are  furnished,  not  only  with  their  suckers,  but  with  a 
basal  web ;  so  that  the  young  Sepia  is  enabled  to  swim  either  for- 
wards or  backwards^  and  its  eyes  have  acquired  the  requisite  defe- 
lopment  to  warn  it  of  an  approaching  enemy,  or  direct  its  oouis  Is 
its  appropriate  food. 

Thus  in  tlie  class  at  the  summit  of  the  Molluscous,  as  In  that  which 
crowned  the  Articulate,  series,  there  is  no  metamorphosis.  The  os> 
phalopodic  character  is  manifested  long  before  the  parts  of  the  em- 
bryo are  completed ;  even  the  dibrandiiate  peculiar!^  of  the  iiifiin* 
dtbular  cartilages  is  recognisable  when»  as  yet,  only  the  viseeral  sm, 
tho  funnel,  the  eye%  and  tlie  gills  are  sketched  out.  No  pbaassr 
form  of  Invertebrate  esistenoe  below  the  Cephalopod  is  even  tran^- 
torily  manifested.  Before  the  ciliary  action  is  visible  on  the  germ- 
mass,  the  parts  that  exhibit  it  bear  un^uivocally  the  cepbalopodom 
stamp.  Whilst  the  ftinnel  remains  ununited  along  the  ventral  aspect* 
whilst  the  arms  are  without  suckers,  and  the  prominent  eyes  unpro- 
vided with  orbits,  the  characters  of  the  lower  order  of  the  Cephalo- 
poda are  indeed  temporarily  exhibited,  but  the  gills  at  no  period  show 
the  tetrabranchiate  condition.  ^^_ 

Were  growth  superinduced  at  any  arrested  stage  of  Cephalopodl^H 
development,  no  known  inferior  form  of  Mollusk  would  result.  J^^ 
arrested  stage  of  development  of  any  higher  animal  would  produce  I 
any  thing  like  a  Cephalopod. 

There  is  so  small  a  part  of  the  multifarious  and  diversified  details 
of  the  anatomy  and  physiology  of  the  Invertebrata  from  which  the 
practical  Surgeon  can  directly  profit,  they  seem  so  remotely  connected 
witli  human  physiology,  the  animals  themselves  are  so  di6eretit  in 
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form,  in  powers,  in  modes  of  life,  from  thoee  whicU  more  obviously 
attract  the  interest  of  the  anatomical  Teacher,  that  some  apology  may 
seem  necessary  for  the  devotion  of  an  entire  course  of  Lectures^  in 
the  theatre  of  a  College  of  Surgeons,  to  the  lowest  and  most  minute 
forms  of  animal  life. 

We  learn,  indeed,  with  little  surprise,  that  the  import  of  the  dissec- 
tions of  the  Invertebrate  animals,  by  the  busy  care-worn  practitioner 
who,  in  the  last  century,  prepared  the  most  instructive  illustrations 
of  these  lectures,  were  not  understood  ;  and  that  these  occupations  of 
Hunter  were  regarded  by  some  of  his  contemporaries  as  a  kind  of 
laboriotia  trifling.  But  the  question  of  **  cui  bono  ?  "  which  might 
then  he  pardonable,  would  be  inexcusable  at  the  present  day,  when 
the  relations  of  Surgery  as  a  science  to  Physiology,  and  the  depend- 
ence of  Physiology  upon  Comparative  Anatomy  are  so  much  better 
understood  ;  and  I  trust  that  a  brief  retrospect  of  some  of  the  deduc- 
tions from  the  details  of  Invertebrate  Anatomy  will  suffice  to  de- 
monstrate their  indispensable  value  to  all  who  ore  interested  in  the 
progress  of  physiological  scienco- 

The  Invertebrated  classes  include  the  most  numerous  and  diversi- 
fied forms  of  the  Animal  Kingdom.  At  the  very  beginning  of  our 
inquiries  into  their  vital  powers  and  acts  we  are  impressed  with  their 
important  relations  to  the  maintenance  of  life  and  organisation  on 
this  planet,  and  their  influence  in  purifying  the  sea  and  augmenting 
and  enriching  the  land — relations  of  which  the  physiologist  con- 
versant only  with  the  Vertebrated  animals  must  have  remained 
ignorant.  At  our  first  entrance,  and  by  the  lowest  portal,  into  the 
vast  and  intricate  repositories  of  the  animal  mechanisms,  we  are  at 
once  introduced  to  the  phenomena  of  spontaneous  flssion  and  ciliary 
motion,  of  the  generality  and  importance  of  which  in  the  animal 
economy  each  day  seems  to  bring  fresh  proof,  but  which  are  most 
conspicuously  manifested  in  the  monads. 

The  physiologist  must  have  remained  in  ignorance  of  the  most 
instructive  modifications  and  combinations  of  the  principal  organs  of 
the  animal  frame,  if  the  researches  of  the  Comparative  Anatomist 
had  been  confined  to  the  Vertebrated  animals,  or  those  which  eto 
constructed  on  the  same  general  type  as  ourselves.  Without  a  much 
deeper  investigation,  we  never  could  have  understood  the  relative 
importance  of  the  diflerent  organs,  the  order  of  their  introduction 
and  progressive  complication,  their  homological  and  analogical 
relations. 

Only  in  the  Invertebrated  classes  do  we  find  examples  in  which 
the  lungs,  like  the  liver,  are  supplied  by  the  ramifications  of  the 
trunk  of  a  vein  without  the  interposition  of  a  heart.     Only  in  the 
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lowest  of  the  LiTeriebnte  animals  could  we  have  found  the 
the  luog  perfonned  hj  a  rascular  portion  of  the  integumezii ; 
loTortebrata  alone  could  have  furnished  us  with  examples  of  tht 
pfogreiaive  modilicatioiis  of  this  portion  of  the  Tascalar  skin*  hf 
which  the  breathing  oi^n  is  at  length  defijiitelj  deTeloped^  Bi^ 
why  ^>6cmlt7  cite  the  respirator jr  system  ?  The  earliest  aod 
instructive  forms  of  almost  every  org^an,  as  it  is  Tariottsljr 
in  its  development  and  adapted  to  the  exigencieB  of  the 
animal,  must  be  sought  for  amongst  the  Invertebrata. 

These  animals  alone  furnish  us  examples  of  the  oscillation 
the  living  tissues  of  a  fluid  which  seems  to  differ  but  little  from 
water,  and  of  the  direct  communication  of  the  chjlaqoeons 
with  the  external  oceanic  medium; — of  the  co-existence  of  an 
ferous  with  a  sanguiferous  system  in  the  same  animal^  and  the  prcn 
greasive  development  of  a  true  vascular  organisation  by  which  the 
aquiferous  channels  are  at  length  superseded  ;  —  of  a  circulation  of 
the  blood  without  a  heart,  and  of  a  circulation  aided  by  the  hundred- 
fold repetition  of  the  propelliugreservoir  in  the  same  individual;— of 
the  meandering  of  the  circulating  fluid  back  to  the  heart  through 
diffused  venous  lakes,  instead  of  cylindrical  canals.  Only  tlie  hiw 
organised  Invertebrate  animal  could  have  revealed  to  us  the  aeloal 
existence  in  nature  of  a  condition  of  the  blood's  motion,  once  errooe* 
ously  held  to  be  universal,  viz.,  its  flux  and  rc6ux  in  the  samr 
vessel^  from  trunks  to  branches  and  from  branches  to  trunks,  to  and 
from  the  heart  •»  as  Aristotle  conceived  to  be  the  nature  of  the  blood's 
movement  in  all  animals,  and  which  he  illustrated  by  the  aiMilogj  of 
the  tides  of  the  Euripus  ! 

In  the  Invert4?bratc  series  we  can  contemplate  the  most  simple  lod 
essential  condition  of  the  nervous  system,  —  a  ganglion  with  radiated 
intemuntiate  chorda, — a  centre  for  the  reception  and  transmiasion  of 
stimuli.  In  this  series  we  see  such  centres  multiplied  and  set  apart 
for  diderent  segments^  or  for  different  organs  of  the  body.  Of  such 
arrangements,  the  anatomist  of  the  Vertebrata  exclusivelj  eoold 
have  formed  no  adequate  conception.  And  not  only  are  the  con- 
ditions for  the  performance  of  the  most  essential  function  of  the  ner- 
vouH  system, — viz,  the  working  of  tJie  muscular  machinery  agreeably 
with  impressions  received  from  external  objects,  in  depend  en  tJy  if 
any  consciousness  of  such  chaoges,  or  of  any  choice  and  volitioa  in 
the  mode  of  remedying  or  avoiding  them,  —  most  plainly  set  forth  in 
the  Invertebrale  types  of  the  nervous  system ;  but  they  afford  the 
best  subjects  for  illustrating  that  primary  function  by  experiment| 


•  Lectun*  XX.  Tiwicata,  p.  469. 
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The  rdatlon  of  ihe  physical  tic  fence  of  an  animal  by  shells  or 
crusta  to  the  low  condition  uf  the  eentient  systetn  is  most  strikingly 
mani  rested  in  the  Invertebrate  series,  and  could  be  but  fiiebly  dis* 
cerned  in  the  higher  animals,  none  of  which  exhibit  the  external  or 
dermal  skeleton  modified  to  encase  the  limbs  and  form  the  levers  and 
fulcra  of  the  moving  powers.  The  defence  of  the  crab  and  ojBter 
by  dense  and  impenetrable  armour  aa  a  compensation  for  their  lack 
of  intelligence  and  defective  powers  of  action,  reminds  one  of  the 
condition  of  the  soldier  in  the  early  and  ruder  states  of  the  ai-t 
of  war. 

If  the  structure  and  functions  of  the  human  mechanism  had  been 
illustrated  only  by  comparison  with  those  of  other  Vertcbnita,  the 
physiologist  would  have  been  acquainted  with  only  one  loading 
modification  of  the  generative  system  in  the  Animal  Kingdom^ 
namely,  the  dicecions  or  bisexual.  The  analogy  between  animals  and 
plants  in  the  modes  of  continuing  the  species  is  fully  illustrated  only 
by  tlie  Invertebrata.  Here  the  anatomist  finds  the  self'Sufficing 
combination  of  fertilising  and  productive  organs  in  the  same  indivi- 
dual, as  in  most  flowers.  Other  Invertebrata  present  the  still  more 
remarkable  combination  of  male  and  female  parts  arranged  for  reci- 
procal nnion.  The  closer  and  more  remarkable  analogy  with  the 
vegetable  kingdom  oflered  by  that  peculiar  modilication  of  the  gene- 
rative system,  in  which  we  found  the  oviduct  and  vulva  exflusively 
destined  for  the  transmission  of  tbe  moving  particles  of  the  fertilising 
fluid,  tbe  fertilised  ova  escaping  into  the  abdomen  by  dehiscence  of 
tbe  ovarium,  so  that  extra-uterine  gestation  was  a  natural  and  con* 
stant  phenomenon,  was  demonstrated  by  dissection  of  the  earthworm. 
The  small  transparent  vermiform  parasites  have  afforiled  the  best 
subjects  for  tbe  demonstration  of  the  entry  of  the  fertilisirig  principle 
into  the  ovum»  and  of  the  first  changes  therein  and  thereby  operaled. 

The  diversilied  structures  of  the  Invertebrate  animals  not  only 
teach  us  the  most  remarkable  modes  of  action,  and  instructive  modi- 
iieations  and  correlations  of  individual  organs  and  systems,  but  they 
lead  to  an  insight  into,  and  can  alone  furnish  tbe  demonstrations  of, 
the  most  important  generalisations  in  zootomical  science. 

Of  that  which  I  have  termed  **  tbe  law  of  vegetative  or  irrelanve 
repetition^"  by  which  is  meant  the  multiplication  of  organs  performing 
the  same  function,  and  not  related  to  each  other  by  combination  i>f 
powers  for  the  performance  of  a  higher  funrtion,  tbe  Invericbrata 
atford  the  most  numerous  and  fitrikin^  illustrations. 

Almost  every  organ  of  the  body  illustrntts  tliis  vegetative  con^ 
Oition  at  its  first  appearance  in  the  Animal  Kingdom.  A  stomach 
or  ttsstmilative  sac  is  the  most  general  characteristic  of  an  animal. 
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Socli  aacfl  are  dcTelope4  io  great  numbers  in  the  bodj  of  Hkt 
gnstriim,  but  cueh  sac  performs  the  sama  abare  of  tbe  dife»?f 
function^  irrespcctito  of  tho  rest.  The  ease  ia  ircry  tUlfefttiil  in  lli 
nuAinant  animal^  in  which  each  of  the  four  atomaeha  hmB  iti  afft^* 
prate  oflice,  and  all  combine  together  to  produce  a  WBcrm  dU^ 
act  of  digestion. 

The  organs  of  generation,  the  next  essential  parts  of  iht 
muimal,  when  first  definitely  introduced  with    their 
complications  in  the  low  organised  Entosoa,  illnsirate 
the  law  of  irrelatife  repetition. 

We  trace  tbe  definite  development  of  the  heart  and  gJU^  ta  tbe 
An^lKd#|  in  §ome  species  of  which  both  organs  are  irr^tirelf 
rap«atad  abova  a  hundred  times*  And  when  these,  like  moat  of 
Tegetatire  organs,  assume  a  more  concentrated  form  in  tl^  Jii 
eous  series,  we  perceive  in  the  structure  and  relationa  of  tbe 
auricles  of  the  bivalve  as  compared  with  the  single  auricle  of 
univalve,  and  of  the  four  gills  of  the  Nautilus  as  compared  with  tike 
two  gilli  with  thi^ir  more  perfect  circulation  in  the  Sepia,  that  pla- 
rality  is  but  a  sign  of  inferioritj  of  condition. 

When  locomotive  and  prehensile  appendages  first  make  tlwir 
appearance  in  free  animals,  they  are  simple^  soft,  and  unjoiiited,  bal 
they  are  developed  by  hundreds,  as  in  the  Asterias  and  Kchiaiii: 
they  manifest  the  principle  of  vegetative  repetition  to  a  reatti%alii 
extent  when  they  are  developed  into  symmetrical  pairs  of 


tubercles  in  the  Anellids,  and  even  when  they  first  appear  as  joi^^f 
limbs  in  the  Myriapods  :  but  as  they  become  progreasiiretyr  periceSR| 
varied,  and  specialised,  they  are  reduced  to  ten  in  CrustaeeaiM^  10 
eight  in  Arachnids,  and  to  dix  in  In»rcts«  We  hare  just  aeea  flat 
the  same  law  prevails  in  the  introduction  of  the  analogous  cephaBc 
organs  of  locomotion  and  prehension  in  thc!  Molluttks.  It  is  beaoll* 
fully  illustrated  in  the  introduction  of  the  organ  of  vision  iato  the 
Animal  Kingdom. 

Tlie  numerous  p^anglions,  nerves,  and  muscles,  called  forth  by  Iha 
vegetative  syccession  of  the  segments  of  the  body  and  their  locomoCm 
appendages  in  the  Articulates,  have  sometimea  been  addneed 
invalidating  the  claims  of  the  Miimmfllia  to  be  regarded  as  of  Itigber 
or  more  complex  organisation*;  but  when  the  law  of  irrelatire  rqii- 

•  ThiiB  the  actiU"  philosopher  Yoitko  writtt  : — **  Thera  are  even  livina 
visible  to  lht<  nticroseuf>e,  of  which  a  million  million  woalil  not  make  up 
of  a  common  grain  of  ftarid.     But  it  is  still  more  rcnmrkable,  that,  ms  fnt  hm. 
diicovcr,  many  of  ibcM  AQimAkules  are  as  complicated  in  their  strw  rlf 

phatit  and  a  whnK*^     It  is  tnic  that  the  physiology  of  the  various  da  naig 

i»  uraicwhut  more  simple  as  they  deviate  more  from  the  form  of  quitUiu^U*  and 
from  that  of  the  hnmaa  sjw;cic«  ;  atitl  some  of  the  lower  clawes  appear  to  »|i)»raisi- 


ITRoh  ts  rightly  understood,  the  multi plication  of  similar  parts  for  the 
repetition  of  the  same  actions  13  at  oace  appreciated  as  essential Ij 
the  more  simple,  as  well  as  the  inferior,  condition,  compared  with  the 
assemblage  of  less  numerous  parts  in  the  same  body  with  diflTerent 
olTices,  and  with  prospective  arrangements  that  enable  them  to 
combine  their  different  powers  for  definite  ends. 

The  lowest  Invertebrata  resemble  locomotive  cells:  they  propagate 
by  spontaneous  fission  and  grow  by  assimilation;  sometimes  thej 
exhibit  their  geometrically  multiplied  divisions  to  a  certain  extent 
within  a  common  capsule*  The  earliest  phenomena  in  the  develop- 
ment of  the  mammiferous  ovum  most  closely  resemble  tlie  common 
mode  of  multiplication  of  the  Gonium  and  Vol  vox.  Like  phenomena 
have  been  observed  in  the  vitelline  germ  of  the  frog  and  the  fish. 
But  the  universality  of  the  phenomena  of  spontaneous  division,  of 
the  fissiparous  procreation  of  nucleated  colls,  and  of  their  growth  by 
assimilation  and  coalescence  round  definite  centres,  as  the  properties 
of  the  primordial  germ  in  all  animals  which  produce  the  most  conspi- 
cuous changes  in  the  yolk,  has  been  mainly  established  by  collecting 
the  observations  that  have  been  made  upon  the  development  of 
the  embryo  in  the  dilTerent  classes  of  Invertebrata,  and  by  tlie 
comparison  of  these  with  the  analogous  phenomena  observed  in  the 
development  of  certain  Vertebrata  which  we  may  cunclude  to  cha- 
racterise the  first  step  in  the  formation  of  the  human  embryo. 

And  since  later  observations  have  established  what  I  believe 
myself  to  have  first  observed,  and  suggested  to  be  a  general  property 
of  the  blood-cell,  —  viz.  its  power  of  spontaneous  subdivision  into 
smaller  centres  prior  to  its  solution*,  it  is  highly  probable  that  the 
preliminary  steps  to  its  conversion  are  the  same  as  those  of  the 
nucleated  cell  which  con^jtitutes  the  germ  of  the  entire  animal ;  and 
the  profjosition  that  the  phenomena  of  spontaneous  fission,  of  which 
tlic   Monads  otfiir   the  most  conspicuous   exampleSp  are   the   most 


matQ  very  mtieh  to  the  nature  of  the  regotnblo  world.  But  there  ore  single 
inatAiiccs  that  secrn  wholly  to  ilcstroy  this  gmiioiion.  Lyonnct  hfts  Uiscovereii  a 
far  greater  vrtriety  of  parts  in  thti  eurerfiilhtr  of  thi*  wiHow- butterfly  tlmn  we  cnu 
obsLTvc  in  many  auiiiuils  of  the  Urjrvst  dimensions  ;  and  fuiioujyjBt  the  micro6coj*ic 
insects  ill  ]»articulflr,  Wc  sec  a  i>rodi^ality  of  tniit'hinen%  sul>st:rvicnt  to  tho  various 
purpotK''S  of  the  contracted  life  of  the  little  nniinal^  in  ihe  structure  of  which  nut  tire 
appcrurd  to  be  ostentatious  of  her  fiowcr  of  is'iving  }>CTfeetion  to  her  minutest  work*," 
— ^YoI'N'g'i*  LcciureJi  on  A^aturai  Phihxophy^  4t<».,  p.  608,  My  prt'decessor  in  the 
Huiitermn  chuif  adopted  the  eiiuw  view;  •*  There  arc  500  nioscks  attached  lo  |hi« 
hard  ring,  which  piwi&es  round  ihi*  body  of  the  Willow-cati»rpillar.  each  muftclc 
having  iu  nerve.  Now,  if  1  take  this  opportunity  of  mnking  a  conrpanAon, 
let  me  nsk  whether  there  be  any  part  of  man  which  present*  a  compllcalion 
equal  to  this?  "— Sni  CiiAKLtj*  Bell,  Hniiictitin  Lrciurcit,  Luhc*/^  \8'^:^t  p.  2Hi. 

*  Medical  Gazette,  NoTviuber  13.  1339.     Dr.  Martiii  Barry's  Paper  in  Thilos. 
Tran*acti«nf,  1840. 
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univeriil  tud  imparUuit  in  the  opertUooa  oT  tlie  living  animiLU 
to  wear  th©  Mspect  of  exaggenhtioik. 

It  i$,  however,  certaio  that  the  mo«t  extrftordiDmrf  coosequeifeea 
the  fijsifkAfoiis  |»ropert7  of  the  nucleated  cell  are  aakoowti  ia 
Yertohrmted  daaset^  of  which  generation  without  fecainiatioii  cf 
pnxsreating  tndiTrdual  is  an  example.     Thu  phenomeaa^ 
first   so  much  astonished  and  perplexed  phjaiologi&ta^   m 
milx  >n  ^^^^  Aphides,  becomes  intelligthle  and  reducible  li» 
law,  and  is  extensifelj  manifested  in  tha  In  vertebrate  seri 
animals. 

The  Monad  divides  itdelf  before  our  ejea^  oonstitatiiis  two^ 
four,  next  eight  iodiTiduala,  and  so  on.  The  impregnated 
vesicle,  which  the  Monad  permanently  represeuta  in  nature^ 
gatc^  in  like  manner,  hj  spontaneous  fission  and  aaaimilation,  a 
of  impregnated  cells  like  itself.  Most  of  these  eells  are 
phosed  into  the  tissues  of  the  growing  embryo^  but  not  neeesaatilj 
Certain  nucleated  cells,  the  progeny  of  the  primordial  on©,  and  ia- 
heriting  its  powers,  may  become,  without  further  stimulus^  the  ccailrei 
of  development  of  processes  like  thoae  which  have  built  up  il»e  body 
that  contains  them  :  they  may  bud  forth  from  the  stem  of  the  Hydta, 
and  form  new  individuali*  by  the  process  of  gemmation;  they  may 
forth,  in  like  manner,  from  the  larval  polype  of  the  Medusa, 
thereby  procreates  in  its  immature,  and,  as  it  seems,  virgin  slate, 
the  wingleas  larvn  of  the  summer  Aphides;  they  may  enter  tii« 
on  impregnated  oviducts  of  theae  insects,  and  be  there  developed  ia 
the  manner  which  has  already  been  described.* 

Did  time  permit,  I  might  easily  multiply  the  instances  from  iht 
Invertebrate  organisations,  which  bear  directly  on  the  e^itabUahmenleT 
itie  moat  important  general  laws  in  physiology.  I  jf*hall  conclude  hj 
adverting  to  one  which  is  alike  interesting  to  the  anatomist  and  natu* 
ralist,  and  which  has  exercised  the  powers  of  the  most  active  and 
enquiring  intellects  of  the  present  age.  To  the  disquisitioDa 
discussions  in  which  Goethe,  Oken,  Cuvicr,  and  Geoflroy 
taken  part,  the  doctrines  of  Morphology  and  of  Unity  of  Organ; 
owe  their  existence. 

Some  of  the  medical  acquaintances  of  John  Hunter,  who,  we 
told,  complacently  apostrophised  his  pursuits  in  the  language  of  pity, 
when  they  found  him  dissecting  a  snail,  a  bee,  or  a^worm,  liltb 
dreamt  of  the  expanded  views  of  the  animal  organisation  at  which  he 
was  obtnifiin^  glimp.^ies  through  those  narrow  casenientSw  It  would 
seem  that  Hunter  himself  was  oppressed  with  the  vaBtness  of  the 
prospect,  with  the  grandeur  of  I  he  generalisations  which  his  iuvislt- 

•  Lcctore  XVllL  IiffitcTA,  p.  387. 
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gallons  of  the  lower  animala,  and  of  the  embryonic  forms  of  the 
higher  ones,  were  forcing  upon  his  reflective  mind,  if  we  may  juilgo 
from  his  struggles  to  express  ideas,  at  that  period  so  novel,  and  to 
which  he  could  but  give  imperfect  utterance.  '*  If  we  were  capable,** 
he  says,  "of  following  the  progress  of  increase  of  the  number  of  the 
parts  of  the  moat  perfect  animal,  as  they  first  formed  in  succession, 
from  the  very  firsts  to  its  state  of  fuU  perfection,  we  should  probably 
be  able  to  compare  it  with  some  one  of  the  incomplete  animals 
themselves,  of  every  order  of  animals  in  the  creation,  being  at  no 
stage  ditlerent  from  some  of  those  inferior  orders  ;  or,  in  other  words, 
if  we  were  to  take  a  series  of  animals  from  the  more  imperfect  to  the 
perfect,  we  should  probably  fmd  an  imperfect  animal  corresponding 
with  some  stage  of  the  most  perfect."  * 

With  the  great  accession  of  facts  with  which  Comparative  Anatomy 
bas  since  been  enriched,  particularly  from  monographs  detailing  dis- 
sections of  the  Invertebrate  animals,  we  may  now  attempt  a  more  exact 
enunciation  of  the  resemblance  which  a  higher  organised  animal  pre- 
sents to  those  of  a  lower  order  in  its  progress  to  maturity  :  and  the 
consequent  extent  to  which  the  law  of  *' Unity  of  Organisation  "  may 
be  justly*  and  without  perversion  oi*  terms,  be  predicated  of  animal 
structures.  We  shall  see  some  grounds  for  the  statement  that  the 
more  perfect  animal  is  at  no  stage  of  its  development  diflferent  from 
some  of  the  inferior  species;  but  we  shall  obtain  proof  that  such 
correspondence  does  not  extend  to  every  order  of  animals  in  the 
creution.f 

The  extent  to  which  the  resemblance,  expressed  by  the  term 
♦*  Unity  of  Organisation/'  may  be  traced  between  the  higher  and 
lower  organised  animals,  bears  an  inverse  ratio  to  their  approxima* 
tion  to  maturity. 

All  finimald  resemble  each  other  at  the  earliost  period  of  their 
development,  which  commences  with  tho  manifestation  of  the  aa- 
BJmilative  and  fissiparoua  properties  of  the  polygastric  animalcule: 
the  pote4itial  germ  of  the  Mammal  can  be  compared,  in  form  and 
vital  actions,  with  the  Monad  alone;  and,  at  this  period,  unity  of 
organisation  may  be  predicated  of  the  two  extremes  of  the  Animal 
Kingdom.  J  The  germ  of  the  Polype  acquires  more  conspicuously  the 
locomotive  organs  of  the  Monad, — ^the  superficial  vibratile  cilia,  ^ — 
before  it  takes  on  its  special  radiated  type.     The  Acalephe  passes 

*  Hunteriaa  MS.  quoted  in  my  *  Phjitolofieal  Catalogue,'  X,  vol  i.  p,  4. 

t  T\m  proposition  is  yveW  supported  And  illuitrated  by  Von  Baer.  CJ:XXX1X, 
and  CCLXX. 

X  V.  Boer,  not  recognising  ihi«  pliafle  of  germ -life,  afRrms  that  "the  Verte- 
brata  canDot  descend  10  the  lowest  grades  of  organ ifiation,"  and  that  their 
em  1)17 OS  P«i*8  through  no  permanent  fbrnw  of  animals  whatsoever 

TT  3 


W6 


tacmouzziT* 


through  bath  the  lafasonil  &n<]  Polype  0Ugee«  ami 
gemmation,   as  well  u  spcitiULU(K»ua  fiflfiion,    before   il  meq\ 
maturi!   form   and  sexu&l  orgaos.      The    fulnesa    of   tha 
orguuiatiati  which  prevails  through  the  Foljpea  and  larral 
phos,  lA  dimiDLshed  as  the  Intter  apf>roaeh  maturiljr  am!  o^same 
special  form. 

Tha  Bryosoa,  after  fiiiiiiiiutinj  tlie  higher  lofiisana  uj 
ipheroid  aha^  and  active  nit  v.  ni.ut>,  due  to  wellMlevdopod 
or  lobea  of  conspicuous  ribrnttk  cili%  maik  their  low 
character  beneath  the  polype  form.  The  Ascidian  Mollitaks 
more  feeblj  and  transiently  the  polype  sUte  in  passing  fram  that  of 
tlic  ccrcarifonn  ciliated  larva  to  the  more  special  mollascooa  fona^  ThM 
Univalves  and  Bivalves  obey  the  law  of  unity  of  organiaalioo  ia  llt^ 
spontaneous  fissions  of  their  amorphous  germ»  and  ia  tU  ciliated  Cfi^ 
thelium,  by  which  it  gyrates  in  the  ovum ;  but  thej  proceed  at  enci 
to  fij^sumc  the  molluscous  type  without  taking  on  that  of  the  Polype; 
the  Bivalve  retaining  the  acephalous  condition*  the  UoiTalve  af- 
oonding  in  its  development  to  the  acquisition  of  its  approfir^te 
jawa^  and  organs  of  sense. 

Thu<  all  mollusks  are  at  one  period  like  Mdnada,  at  aikothor 
AcepholottS;  but  few  typify  tlie  Polypes,  and  none  the  A 
or  Echinoderms*  In  the  Encephalous  division  we  meet  with  maay 
interesting  examples  of  the  prevalence  of  unity  of  orgaolaalkia  it 
early  periods,  wliicli  is  lost  in  the  diversity  of  the  apedal  fonns  ii 
development  proceeds.  Thus  the  embryos  of  the  various  orden  rf 
Gastropods  are  first  abranchiate,  next  nudibranchiate,  bttt  only  i 
few  retain  that  condition  of  the  respiratory  system  through  life? 
most  of  them  move  at  first  by  aliform  anterior  lobes,  like  those  whkb 
characterise  the  mature  Pteropod^,  but  afkcrwards  exchange  tht 
swimming  organs  for  the  repent  disc  which  marks  their  elaas.  Ihe 
naked  Gastropoda  are  at  first  univalve  Mollusks,  like  the  ^reat  bolk 
of  the  ckss  at  all  periods.  The  testaceous  Cephalopoda  ftnt 
construct  an  unilocular  shell,  which  is  the  common  persistent  formia 
Gastropods,  the  Polythakmia  afterwards  superadd  the  characteristic 
chambers  and  siphon.  This  simple  fact  would  of  itself  have  dis- 
proved the  theory  of  *  evolution/ if  other  observations  of  tlie  phe- 
nomena of  development  had  not  long  since  rendered  that 
favotirite  doctrine  untenable. 

Thus  as  w^e  trace  the  development  of  the  Molluscous  animal, 
find  the  application  of  the  term  unity  of  organisation  progressively 
narrowed  as  development  advances :  for  whilst  all  Mollusks  manifestr 
at  their  earliest  and  most  tran§itory  i>erioil,  a  resemblance  to  the 
lowest  or  raona<liform  zoophytes,  only  the  lowest  order  of  Mollusks  in 
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the  next  stage  of  development  represents  the  polypes ;  and  all  analogy 
to  the  radiated  type  is  afterwards  lost,  until  we  reach  the  summit  of 
the  Molluscous  series,  when  we  find  it  interestingly,  though  illusively, 
sketched  by  the  crown  of  locomotive  and  prehensile  organs  upon  the 
head  of  the  Cephalopods.* 

In  the  great  Articulated  branch  of  the  Animal  Kingdom,  there  is 
unity  of  organisation  with  the  Molluscous  series  at  the  earliest  periods 
of  development,  in  so  far  as  the  germ  divides  and  subdivides  and 
multiplies  itself ;  but  the  correspondence  rarely  extends  to  the  ac- 
quisition by  the  nascent  articulate  animal  of  the  locomotive  power  by 
superficial  vibratile  cilia :  in  the  great  majority  of  the  province  the 
progeny  of  the  fissiparous  primitive  germ-cell  begin  at  once  to 
arrange  themselves  into  the  form  of  the  Vibrio  or  apodal  worm,  while 
those  of  the  Molluscous  germ  diverge  into  the  polype-form  or  into  a 
more  special  type. 

Unity  of  organisation  prevails  through  a  very  great  proportion  of 
the  Articulate  series  in  reference  to  their  primitive  condition  as 
apodal  worms.  Only  in  the  higher  Arachnids,  the  nucleated  cells 
are  aggregated  under  a  form  more  nearly  like  that  of  the  mature 
animal,  before  they  are  metamorphosed  into  its  several  tissues.  In 
lower  or  more  vermiform  Condylopods,  the  rudimental  conditions  of 
the  locomotive  appendages,  which  are  ret^ned  in  the  Anellides  and 
the  lower  Crustaceans,  are  passed  through  in  the  progress  of  the 
development  of  the  complex-jointed  limbs.  In  the  great  series  of 
air-breathing  insects,  we  have  seen  that  the  diverging  branch  of  the 
Myriapods  manifests  at  an  early  period  the  prevailing  hexapod  type, 
and  that  all  Insects  are  at  first  apterous,  and  acquire  the  jointed 
legs  before  the  wings  are  fully  developed.  An  articulate  animal 
never  passes  through  the  form  of  the  Poljrpe,  the  Acalephe,  the 
Echinoderm,  or  the  Molluskf :  it  is  obedient  to  the  law  of  unity  of 
organisation  only  in  its  monad  stage :  on  quitting  this,  it  manifests 
the  next  widest  relations  of  uniformity  as  a  Vibrio  or  apodal  worm  ; 
after  which  the  exact  expression  of  the  law  must  be  progressively 
contracted  in  its  application  as  the  various  Articulata  progressively 
diverge  to  their  special  types  in  the  acquisition  of  their  mature 
forms. 


♦  Von  Bacr  believed  that  the  head  completely  represented  the  radiate  type,  the 
molluscous  structure  being  seen  only  on  the  sac-like  part  of  the  body.  He 
remarks,  **  the  Cephalopoda  most  frequently  sivim  with  their  heads  downwards ; 
the  radiate  portion  of  the  body  therefore  seems  to  hold  and  to  move  itself  in 
accordance  with  the  mode  of  locomotion  prevalent  in  its  type,  overcoming  the 
tendency  of  the  molluscous  body." — CLXXXIX.  p.  760.  I  have  always  regarded 
this  supposed  combination  of  the  two  types  as  illusory. 

t  CLXXXIX.  p.  753. 
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In  tlie  |trnp<^r  lUdiat^  werim  itaelf  we  diiicem  the  ammt  pnmchfkz 
tbe  radiated  tr|>e  eutminAies  in  the  Echinoderm^ ;  bat  Ute  moiA  trpia) 
form^  called  emiiliAttciilljr  etnr-fishea,  arc  pc<]Qiieillai0d  ia  lbs  cft- 
bi7<i*statc,  at  Icitn  in  one  tatnilj,  niid  so  fitr  mMiiiast  eonfiMWj 
of  orgjuitaation  with  the  Polypes  and  the  vnat  ftod  jtlmost  extba 
tribes  of  the  Penticiiniteo,  before  acquiring  their  free  and  keoiBOliii 
malurity. 

It  will  be  found  when  we  enter  upon  thi»  conaidermiiofi  of  fte 
def  idopment  of  the  Vertcbmte  embryo,  that  its  tinit^  of 
with  the  Invertebrata  is  restricted  to  as  narrow  and  rmnsttory 
ts  lb«t  of  the  Articulate  with  the  Molluscous  series.  MnnifeB^ng^ 
ramo  moaaddike  properties  of  the  germ,  the  fissiparotts 
{iroceed  to  arrange  and  metamorphose  themselTes  in  to  a  Tenailbm 
apmlal  organism,  cH.^tinguished  from  tbe  correspond jo^  atago  of  tfta 
Iiiik^'ct  by  the  Vertobnitc  characteristics  of  the  nerraus  ceiitxva;, — «t 
the  spinal  chord  and  its  dorsal  position  ;  whereby  al  ta  more  jostff 
comparable  to  the  apodal  fish  than  to  the  worm. 

Thus  every  animal  in  the  course  of  its  development  repriwti 
soma  of  the  permanent  forms  of  animals  inferior  to  itself ;  but  tt  iom 
not  sucoe«$ively  repeat  them  all,  nor  acquire  the  oi^anisation  of  aay 
of  the  inferior  forms  which  it  transitorily  typifies.  Had  the  Annual 
Kingdom  constituted,  as  was  once  supposed,  a  single  a»d  ccMirtDnoos 
chain  of  Being  progressivdy  ascending  from  the  Monad  to  tbe  ICsBi 
unity  of  organisation  might  then  have  been  demonatrmted  to  the 
extent  in  which  the  theory  has  heen  maintained  by  the  disciples  of 
the  school  of  Bonnet  and  Geoflroy  St,  Hilaire. 

There  is  only  one  organic  form  which  is  either  permanently  or 
transitorily  represented  throughout  the  Animal  Kingdom  :  it  is  thai 
of  the  microscopic  infusorial  Monad,  with  the  consideration  of  wMch 
the  present  survey  of  the  Invertebrate  animals  was  commenced,  and 
which  is  to  be  regarded  as  the  fundamental  or  primary  form. 

Other  forms  are  represented  less  exclusively  in  the  development 
of  the  Animal  Kingdom,  and  may  be  regarded  as  secondary  forms. 
Tlieae  are,  the  Polype^  the  Worra»  the  Tunicary^  and  the  Lamprey; 
they  are  secondary  in  relation  to  the  Animal  Kingdom  at  large^  but 
are  primary  in  respect  of  the  primary  divisions  or  provinces.* 

Thus  the  liadiaia,  after  having  passed  through  the  monad-stagev 

*  Von  Bif  r  adopted  CiiTi<?r'i  view  of  four  leading  ^pes  — ^Hadimte  or  ^  |itff4* 
pbcml/'  Articulated  or  **  longitudinal,"  MgUiucousor  **  nuuti^e/' and  Vertebcvle: 
bul  he  §upi.'nvddi.-cl  ilte  idea  time  I  he  Vertebrate  type  onitcd  iu  itself  lite  thne 
ollien^  **  Che  hto^I  htsitig  an  outlice  of  the  radiate  type/*  CLXXXIX.  p.  TiS, 
H«re,  however^  an  unreal  tigiiiiication  i^ecm^  to  be  aisigiied  to  the  **eIrcaJaft 
arteriotos  "  aad  itv  four  vaictuar  uonks. 
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enter  that  of  the  polype ;  many  there  find  their  final  development ; 
others  proceed  to  be  metamorphosed  into  the  Acalephe  or  the  Echi- 
noderm. 

The  Articulata,  at  an  early  stage  of  their  development,  assume 
the  form  or  condition  of  the  apodal  and  acephalous  worm;  some 
find  their  mature  development  at  that  stage,  as  the  parasitic  Entozoa ; 
others  proceed  to  acquire  annulations,  a  head,  rudimental  feet,  jointed 
feet,  and  finally  wings :  radiating  in  various  directions  and  degrees 
from  the  primary  or  fundamental  form  of  their  sub-kingdom. 

The  MoUusca  pass  from  the  condition  of  the  ciliated  Monad  to  that 
of  the  shell-less  Acephalan,  and  in  like  manner  either  remain  to  work 
out  the  perfections  of  that  stage,  or  diverge  to  achieve  the  develop- 
ment of  shells,  of  a  head,  of  a  pair  of  fins,  of  a  ventral  foot,  or  of 
cephalic  arms,  with  all  the  complexities  of  organisation  which  have 
been  demonstrated  in  the  concluding  Lectures  of  this  Course. 

The  Vertebrated  germ  having  manifested  its  monadiform  relations 
by  the  spontaneous  fission,  growth,  and  multiplication  of  the  primor- 
dial nucleated  cells,  next  assumes,  by  their  metamorphosis  and  primary 
arrangement,  the  form  and  condition  of  the  finless  cartilaginous  fish, 
from  which  fundamental  form  development  radiates  in  as  many  and 
diversified  directions  and  extents,  and  attains  more  extraordinary 
heights  of  complication  and  perfection  than  any  of  the  lower  secondary 
types  appear  to  be  susceptible  of.  The  ultimate  stages  of  these  de- 
velopments, the  various  permanent  or  mature  structures  of  the  Verte- 
brated series,  with  their  physiological  and  other  relations,  will  form 
the  subjects  of  succeeding  lectures. 


Clash  CEPHALOPODA. 

Encephakas  mollusks^   wiib   locoiiioti?6  aod  x>reheiisite    or^ftxi;! 
radiatiDg  from  the  head  r  dic&ciaus  and  amciabolian. 


Order  TETRABRANCHIATA. 

With  foar  gills :  no  ink-bladder.     Shell  external,  eamerated  md 

siphonatcd. 

Family  NautUida.  Shell  discoid  or  spiral ;  dwelliog-chamber  large ; 
aperture  simple  ;  sutures  simple  j  siphon  simple,  central,  or 
near  the  concavitj-  of  the  shell- corre* 

Genera  Nautilus^  Attiria,  Dhdfes,  Ternnocheilmft    Cryptocenu, 

Lituites^  TTOchoceras,  dymenia. 

Family  Orthoccratidcp.  Shell  straight,  curved,  or  disco idal ;  dwell- 
ing-cbiimber  small  ;  aperture  contracted  ;  siphon  central, 
wide,  or  complex. 

Genera  Orthoccras,  Cameroceras^  Actinoceras,  Ormoceras,  Hit- 
ronia,  EndoceraSy  GomphoceraSy  Onchoceras,  Phrag- 
moceras,  Cyrtoccras^  Gi/roceras,  Ascoceras. 

Family  Ammo7iitid<T.  Shell  discoidal,  curved,  spiral,  or  straight; 
dwelling-cbamber  elongated  ;  aperture  guarded  by  processes 
and  closed  by  an  operculum  (called  Trigonellates  and 
Aptychus)  ;  sutures  angulated,  or  lobed  and  foliated ; 
siphon  peripheral,  or  at  the  convexity  in  the  curved 
shells. 

Genera  Goniatitcs,  CeratUcs,  Ammonites,  Crioceras,  ToxoceraSy 
A?icyIoceraSy  ScaphitcSy  Ilelicoceras^  TurrUites,  Ha- 
mites,  PtychoceraSy  Baciilites. 
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Order  DIBRANCHIATA. 


With  two  gills  ;   an  ink-bladder.     Shell  commonlj  internal  and 
rudimentary. 

Tribe  Decapoda. 

Family  SpirulidcB.  Shell  chiefly  internal,  nacreous ;  whorls  sepa- 
rate, chambered ;  siphon  near  the  concavity  of  the  shell- 
curve. 

Genus  Spirula. 

Family  BelemnitidtB,     Shell  internal,  consisting  of  a  ''  phragmocone  " 
with  a  marginal  siphon,  lodged  in  a  ''guard,"  sometimes 
produced  into  a  homy  plate  or  "  pen." 
Gknera  Belemnitesy  Belemnitella,  Belemnoteuthis,  Conoteuthis, 

Family  SepiadtB.     Shell  internal,  consisting  of  a  flattened  <'  phrag- 
mocone," lodged  in  an  open  *^  guard,"  prolonged  behind  into 
a  "  mucro." 
Grenera  Sepia^  BelopterOj  Bekmnosis, 

Family  TeuthidtB.     Shell  internal,  simple,  wholly  or  in  great  part 

horny,  cidled  "  gladius  "  or  "  pen." 

Genera  CoccoteuthiSy  EnoploteuihU^  Onychoteuthis^  ffisHoieuthiSj 

CheiroteuthiSj   Loligo,   Loligopsis,    Cranchia,   BossiOy 

Sepiolch   Sepioteuthis,  Lepioieuthis,  Geoieuthis,  Belo- 

teuthis. 

Tribe  Octopoda. 

Family  Pinnata.     Shell  rudimental,  internal,  uncalcified :  a  pair  of 
pallial  fins» 
Genera  Sdadephorus^  Pinnoctopus. 

Family  Nuda.    Shell  rudimental,  internal,  uncalcified.     No  pallial 
fins. 
Genera  OctoptUy  TremoctopuSf  Eledone, 

Family  Testacea,     Shell  calcareous,  simple,  external,  peculiar  to  the 
female.     No  pallial  fins. 
Genus  Argonauta. 
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GLOSSARY 


OF   ANATOMICAL  AND  OTHER  SCIENTIFIC   TERMS    USED  IN   THESE 

LECTURES. 


A&DOitEN.    (Lat.  (zhdof  I  conceal.)    The  posterior  and  principal  cavity  containing 

the  bowels  and  many  other  viscera  of  the  animal.  The  abdomen  is  distinct  from 

the  thorax  in  crustaceans,  spiders,  and  insects. 
Abdominales.    (Lat.  abdomen,}   An  order  of  fishes,  so  called  ftom  the  attachment 

of  the  ventral  fins  to  the  abdomen  behind  the  pectoraK 
Aberrant.    (Lat  aherro,  1  wander  from.])    This  term  is  applied  to  those  species 

which  deviate  most  fh>m  the  type  of  their  natural  group. 
Abranchiatb.    (Gr.  a,  without ;  bragchia^  gills.)    When  an  animal  is  devoid  of 

gills. 
AcALBPHA.     (Or.  aialephe,  a  nettle.)    The  class  of  radiated  animals  with  soft 

skins,  which  have  the  property  of  stinging  like  a  nettle. 
AcALEPHoiD.    Like  a  Medusa  or  other  common  form  of  Acalepha. 
ACANTHOOEFHALA    (Gr.  okatitho^t  a  spine ;  kephaky  a  head.)    The  order  of  intcs  • 

tinal  worms  having  the  head  armed  with  spines  or  hooks. 
AcARUS.    (Gr.  oAori,  a  mite.)    The  name  of  a  genus  of  Arachnida,  to  which  the 

cheese- mite  and  allied  species  belong. 
AcARiDJE.     The  family  of  which  the  genus  Acarus  is  the  type. 
AcASTA.    (Gr.  akaste.)    A  name  arbitrarily  applied  to  a  genus  of  Barnacles,  para- 
sitic upon  sponges^ 
Acephalous.     (Gr.  a,  without ;  hephde^  head.)    Headless.    The  animals  in  which 

a  distinct  head  is  never  developed. 
AcEPiiALOCTBT.    The  parasitic  hydatid,  which  consists  of  a  cj-st  or  bag  without  a 

head. 
AcEiABULA.    (Lat   acetahdum,  a  shallow  cup.)    The  fleshy  sucking-cups  with 

which  many  of  the  invertebrate  animals  are  provided. 
Acini.    (Lat.  actnum,  a  berry.^    The  secerning  parts  of  gIand^  when  they  are 

suspended  like  grains  or  small  berries  to  a  slender  stem. 
Acoustic.    (Gr.  akouo^  I  hear.)    Appertaining  to  sound,  or  the  organ  of  hearing. 
AcRiTA    (Gr.  akritosy  confused.)    A  term  applied  to  the  lowest  animals,  in  whicli 

the  organs,  and  especially  the  nervous  system,  were  supi)osed  to  he  confusedly 

blended  with  the  other  tissues. 
Actinia    (Gr.  aAfin,  a  ray.)    The  genus  of  Polypes,  which  have  many  arms 

radiating  from  around  the  mouth. 
AcTiNOCEROS.    (Gr.  akttny  a  ray ;  kercu,  a  horn.)    A  generic  term,  signifying  the 

radiated  disposition  of  parts  like  horns. 
Adiposb.    (Lat.  adeps,  fat.)    Fatty. 
Akera.    (Gt,  a,  without ;  keras,  a  horn.)    The  family  of  Mollusca,  without  horns 

or  feelers. 
Alar.    (I^t.  a£3,  a  wing.)    Belonging  to  a  wing. 
Albumikifarous.     a  part,  gland,  or  surface  which  secretes  albumen. 
Albuminous.     (Lat  albumen^  white  of  egg.)    Consisting  of  albumen,  or  the  sub- 
stance which  forms  the  white  of  an  egg. 
Aliform.    Shaped  like  a  wing. 
Alternate  generation.    That  modification  of  generation  in  which  the  young  do 

not  resemble  the  parent,  but  the  grand-parent;  so  that  the  successive  series  of  in- 
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ALi^t^     A  litiJc  wing. 

AwnruAmA.    (L&L  im»Mmw^  bii  ftiretme  or  plftc«  fur  Wf Iking.)  The  |iLtfciiiii 

mrrim  of  jilatea  in  tJ^  tbdl  of  the  ie»*Btar  or  ee»-itrcfaiiL 
AmnrLATimv.    (Lai.  aaiMDv  t  wtlk.)    An  uumal  or  a  limli  niAde  for  wiXkmg. 
AmioiiiTiL*.    An  ftriixt  r^.  nun  of  MotloirA,  alllod  to  die  Ka«ic£1ii»«  vliidi  ii^^ 

Imblted  A  diunUr  lied   Anmiomto  from  if  rewrmbiiwae  lothrton 

uii  the  etmtuci  of  J  i  1 1  moo* 

AMonrnocs.    (Gr  <«,  wukMitt  «mA«,  form.)    Bodk«  devoid  of  irgnlar  Iorb. 
AMruu'otA    (Gr.  inn/lib*,  on  boUi  sides  i  |kmm,  a  loot.)     The  orticr  of  CtmHMi^ 

ivhich  liJivo  fi-ct  for  tioi])  valluDg  and  swimminp. 
AnHitATuM^.    (Gr.  ompkif  »tima^  a  niomh,)    The  gcnof  of  sactonKl  fmmiim 

*ron«s  which  have  pores  like  mouths  at  t»oth  ttnl^  -^  ' '-  '-  "^r» 
AKi'LitjL    (Lar*  a  bottle.)    A  membranons Iiak,  sli-  iottdbero  boidft. 

Akj^ima.    (Or.  a,  without;  aima,  blood.)    l*be  ntii  Uy  Arifllolls  «0llii 

Miitnaii  uhtoh  have  no  rt'd  tdoodf  lutd  h  hich  be  ni|i]ni»cd  to  br^  wiflioat  bkiid 
AXALOOtTK.    A  jwrt  or  organ  In  ont*  Ritimal  whkh  bus  the  sam<3  ritiictloo  M  anoilcr 

juin  iir  orgAti  in  a  diffcTtnt  animaL     See  HoMouKsri 
AnAdiDMOss.     (Gr.  ama^  itirongb  i  rliniMr,  mouth.)     When  tlkc»  moviUks  of'  twm 

vfisifU  c<»nie  into  contact  and  blend  toigoUicr,  or  when  two  Yesaeta  miltv  at  IT 
'  SQcb  kind  of  union  had  td^kt-n  jibcs^ 
Aifi3iio<}Y3(ots.    (Gr.  anht  a  n»t>i  t  <wi«i,  a  woman*)    The  oomblnatlao  oTssli 

and  f«midc  ftarti  in  th«  namt 
AxKi.LiTA*     (Lai.  amntUu*^  a  li  The  worms  tn  wbkli  tlio  bodjr  fremsli 

he  composed  of  a  tacccariaii  of  httie  huga,  eJiancteriscd  hy  their  rod  tdood. 
Ajtjcu.uie.    The  aogliciatd  iingukr  of  Att^^akt. 
AKKiTTKRors.    (Gr*  a,  without;  mrertnip  a  bowel)    Atiiiaali  Which  h«re  114 

tcftiiijii  nuial. 
A^snn.ArKm     (Lat.  annuJuM,  a  ring.)    Whoi  an  aainud  or  pan  •pfiears  to 

coiii{MiBcd  of  A  succession  of  rings* 
Axui  RODS,     (Gr  II,  without ;  oura,  a  tail)     Tkul-lesi. 
AnTK^rxA.    (From  the  Laiju  fur  yard-arm,)    Applied  to  the  jointed  f<«(kn  or 

boms  QDon  jhe  heads  of  insecta  and  crufitiieeii,  and  sottietiiiLes  to  the  aoahtfOW 

part^.  Which  ore  not  jviinted  in  worms  and  other  animals. 
Antuozoa.     (Gr.  tinthas,  a  flower;  soon,  an  animal)     The  daas  of  TVljrtwa,  !&!» 

dodtng  the  octihin  nnd  allied  ifpecies,  av-       '      ailed  animal^Bower*, 
AlVTlFSRiSTALTic,     (Gr.  tmtf,  againft ;  ii  fiV,)     W\tcn   the   rcrmicolv 

contrartionjf  of  o  muscukr  tube  follow  ca,.. uia  direction  tb«r«v«noof  tba 

ordijiar^  one 
AxruA,    (From  the  Latin  for  pump.)    Reetrictivdj  applied  to  the  spind  laiCfW' 

mint  of  the  month  of  butterflies  and  allied  iosectSt  by  w|iich  tlicy  ptunp  ini  ik^ 

jiiiee«  of  filnnt^ 
A  OUT  A.     (Gr.  iwrte^  tho  wind -pipe  ;  and  also  the  name  of  the  grt«t  vessrj  spHsf- 

ittj*  (irom  the  hi^nrt,  >vhiih  is  the  trunk  of  the  Rystemic  arterictt.)    It  u  cxcIusIim^ 

applied  in  the  luticr  sense  in  mmUTn  anatomy. 
ArititiiAN.     Behmjritig  to  the  insect  cnlletl  apftis,  or  plant-loqse. 
AncAi^     (ImL  afH?jrt  the  top  of  a  cone.)     Belonging  to  the  |>ointcd  eod  Of  a  f^Hw- 

iiha)»ed  lioily. 
Am»i»ai..    (gV.  rt.  without  I  pcda^  feci,)     Fooacsa ;  without  feci  cir  looomoiln 

orpinn:  fishcn  ore  so  called  which  liave  no  ventral  fins. 
AiTr.RiHft.    (Gr.  a,  without;   pteron,  a  winjf,)    Wingless  apccira  of  Insects  or 

Hirds. 
AuAcHMi>A.    (Or,  tmtchne,  a  spider.)    Spiders,  and  the  nuxmals  alliod  to  ihcm  iu 

structure, 
AjiBoauecEKT.    (Leit.  arbur,  a  tree,)    Braivehed  like  a  tret. 
Aj«tiibodiai*     (Gr.  arth/tm^  a  joint.)    It  is  restricted  to  that  form  of  joiDl  m 

which  u  ball  in  nx^^ivcd  into  a  ^hallow  cup. 
Artjci  LATA.     (I^t.  arhcuius,  a  joint)    Animds  with  cxtental  joinied  6k(^letons 
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AflCTDiAN.    (Or.  askos,  a  bottle.)    The  shell-less  acephalons  Mollnsks,  which  are 

shaped  like  a  leathern  bottle. 
Assimilation.    (Lat.  assimilatio,)   The  act  by  which  organised  bodies  incorporate 

foreign  molecules  and  convert  them  into  their  own  proper  substance. 
AsTOMATOUS.     (Gr.  a,  without ;  stoma,  a  mouth.)    Certain  Infusoria  which  have 

no  true  or  determinate  month. 
Atol.    The  name  given  by  the  Polynesians  to  certain  forms  of  coral  islands. 
Automatic.    (Gr.  auiomatos,  self-moving.)    A  movement  in  a  living  body  without 

the  intervention  or  excitement  of  the  wilL 
Axilla  (from  the  Latin  for  armpit) ;  and  applied  to  other  parts  of  the  animal  body 

which  form  a  similar  angle.  '  • 

AzTOOS.     (Gr.  a,  without ;  zuffos,  yoke.}    Single,  without  fellow. 

Bagui.ite.    An  extinct  genus  of  molluscous  animals  allied  to  the  Nautilus,  which 

inhabited  a  straight-chambered  shell,  resembling  a  s^iff ;  whence  the  name  of 

the  genus,  from  baculuSy  a  staff. 
Balanoids.    (Gr.  balanos,  an  acorn.)     A  family  of  sessile  Cirripeds,  the  shells  of 

which  are  commonly  called  acorn-shells. 
Basilar.    (Lat.  basu,  a  base.)    Belonging  to  the  base  of  the  skulL 
Batrachia.    (Gr.  hatrachos,  a  frog.)     The  order  of  reptiles  including  the  frog. 
Belemnite.     (Gr.  belemnon,  a  dart.)    An  extinct  genius  of  molluscous  animals 

allied  to  the  sepia,  and  provided  with  a  long,  straight,  chambered,  conical  shell  in 

the  interior  of  the  body. 
Bifid.    Cleft  into  two  parts,  or  forked. 
Bifurcate.    Divided  into  two  prongs  or  forks. 
BiLATERAi^    Having  two  symmetrical  sides. 
BiLOBED.    Divided  into  two  lobes. 
Bipartite.    Divided  into  two  parts. 

BiRAMODS.    A  limb  which  forks  into  two  oar-like  extremities. 
Bituberculate.    With  two  knobs  or  tubercles. 
Bivalve.     When  a  shell  consists  of  two  parts,  closing  like  a  double  door.     The 

Mollusca,  so  protected,  are  commonly  called  bivalves. 
BoTiiRiocEPHALUS.  (Gr.  hothrot,  a  pit;  kephaU,  a  head.)  The  genus  of  tape-worms 

with  depressions  on  the  head. 
BoTRTLLL    (Gr.  hotnu,  a  bunch  of  grapes.)    A  little  cluster  of  berry-shaped 

bodies. 
Bracuiau    (Gr.  hrachian,  the  arm.)    Belonging  to  the  arm. 
Bbaciiiopoda.    (Gr.  brachion ;  poda,  feet.)     A  class  of  acephalous  Mollusca,  with 

two  long  spiral  fleshy  arms  continued  fTt)m  the  side  of  the  mouth. 
Braciiyuiu.    (Gr.  brackut,  short ;  oura,  tail)    The  tribe  of  Crustacea  with  short 

tails,  as  the  crabs. 
BaAcnruROUS.    Short  tailed ;  usually  restricted  to  the  Crustacea. 
Brancuia.     (Gr.  bragchia,  the  gills  of  a  fish.)    The  respiratory  organs  which 

extract  the  oxygen  ffom  air  contained  in  water. 
Branciiiopods.    (Gr.  brcigchia,  gills;  podoy  feet)    Crustacea  in  which  the  feet  sup- 
port the  gills. 
Bryozoa.    (Gr.  bnion,  moss ;  zoon,  animal.)    A  class  of  highly-organised  Polypes, 

most  of  the  species  of  which  incrust  other  animals  or  bodies  like  moss. 
Buccal.     (Lat.  bucca,  mouth  or  checks.)    Belonging  to  the  mouth. 
Byssus  (from  the  Greek  word,  signifying  the  silky  filaments  which  project  from  the 

bivalve  called  Pinna).     Applied  to  the  analogous  parts  in  other  MoUusks. 

C^cuM  and  C-«ca.    (Lat.  ccecusj  blind.)    A  blind  tube,  or  productions  of  a  tube 

which  terminate  in  closed  ends. 
Cantiius.    (Gr.  (Jkanthos.')    The  comer  of  the  eye. 
Capitate.    (I^at.  caput,  head.)    When  a  part  is  terminated  by  a  knob  like  the 

head  of  a  pin. 
Carapace.     The  upper  shell  of  the  crab  or  tortoise. 

Cardia.    (Gr.  kardia,  the  heart  or  stomach.)     The  opcfning  which  admits  the  food 
'    into  the  stomach  ;  also  the  region  called  the  pit  of  the  stomach. 
Carnivorous.    (Lat  caro,  flesh ;  voro,  I  devour. )  The  animals  which  feed  on  flesh. 
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1  ^iciKA.    Th«  bntth  of  Mm*  wti  to  tfii?  spiiMi 

humttu  fiibj«ct^  uid  th«  tuimolo^aai  pftit  lu  i 
CKO.UL4R  Tiai»t»L.    (L«t.  ccAo,  A  «eU.)    The  '  ^^1 

iSermt  ptfla  uf  iIm  bodj,  vfctidi  ertrj  where  turm«  oeiii  or  latcn 

flaid. 
OnmivDi.    O'LMMAiMifttMynlstdi^caittlMt)    AgvutfoTi 

CsmAi4»*T«o||fK.  ;(Gr*  lrtlfcrfg»  ImaA  t  dorair,  diM«.)    Ths  aiHi 

tli0  tH>dy  ia  ilddeni,  scoiptoiii^  &e^  whi^h  caosiiu  of  Uie  lie*d  mud  cbot  hknM 
tosc4h«r. 

CKntJiJ.ia    (Or.  kenhak,  h«»d.)    Beloi^ng  to  tte  hc^. 

CicniAUii^^&A.    (Gr.  ktpkaki  pttda^  kt(L}    The  dam  ot 
whieh  loikg  prehenaito  piooewei  or  feet  pftijea  ftoni  tin  li 

CKHruuiJB,     (Or.  Aif4oi^  a  toil.)    The  udiDikiikt  vbow  bod|7  ii  iefiBi«Mtci  I7  a 

Cti  Shiiiicfl  like  CercsTHlL 

Cjci:  AerAdA,  a  uaL)     The  fookn  whidi  pfx^ject  frtjia  Uie hlsd  fvR  of  te 

bDU>  iu  iHJwe  iaaccii. 
CitREAi.iA.  (Omtf  clie  OodiliaM  of  eorn.)  Hhe  name  of  tlie  tuuoral  fiunQj 

which  imnluce  oom«  oete.  lyct,  && 
CKsnuDi^A.     (^Gr.  kmiot^,  a  Rirrl^Q^)    The  order  of  ioMlliua  worma  wiUt  i 

tl«i  bodies  like  tope,  uiuilljr  cdlod  tape-womia, 
CiifLU»NiJU    (Ur,  cAdUtr,  a  turtle.)    The  order  of  replike  indkmita^  tlw 

and  iiirtleiw 
Cirifci.B.    (Or.  chd»^  a  claw.)    Apiilicd  to  iho  hldd  dair»  of  tbe 

piona*  &CW 
Ciuaiciiiu.     (Gr.  ekde,  a  clew;  Airu^  e  bom.)    The  preheneite  clftw  of 

aeerpioii,  ^hich  arc  the  hunioltjgaGs  of  ontcniire. 
CniT.o<23rATH4.    (Gr.  t^heiltM^  a  Up ;  gnathut^  a  j>^^  )    The  order  of  mirrrj  ftrtHii 

•t'it*  tj^nJicd  by  lljo  GwJly-wunu  ur  lulu*, 
CiKiAM^ii^A.     (Gr,  v/teiim,  a  tip;  /^Jb,  feet.)    An  ord«  of  Bisnj-lbotod 

lyi tilled  Uj  ihia  rerilij*iHle. 
CuiTiNis.     (Gr.  rAa/iif««  a  ooa£.)     The  peculiar  chemical  prkkc^le  fthicti 

ititognmoiit  of  injects. 
CvLCMiorimx.    (Or.  chlnroa^  %ht  ^reen ;  ph^^  a  leaf.)     The  eoJ«>imii» 

of  the  ivAvct  aiid  mxm  other  parts  of  plaitta. 
CHOLftlKK'BUB,    (Gr.  cMi  bile  s  dMs  receptaohL)  The  tube  fortoed  hy  tin 

of  the  bepatic  and  cjitk  diioti. 
Cticiitiox,     Fn4Q  the  Greek  word  dgfufymg  the  membnme  which  ciirlfwoi  tbe  ^"im 

aiui  aj>{>lit'il  gttnerally  to  the  oitler  eoirering  of  the  ovum. 
CuttTSAUiAa.     (Or.  rAraio*,  gold.)    The  sui^g  of  the  byoerflj  imoMdial 

tiill  its  ficrioti  of  flight,  when  it  i»  passive,  lutd  enclosed  in  a  caso  wlttdi 

glitters  like  guld. 
CtnrtK.    (Gr.  chulo»^  juieo.)    The  aatticnt  fiuid  extracted  (fvm  the  ilismaa 

by  the  luaion  uf  ibc  btlc. 
Ciiiitii.    (Gr.  chumm^  juice.)    The  digested  Ibod  which  ptmei  (rom  ilie  si 

into  the  intestine*. 
Cicatrix*     From  Oic  I^ntiii,  wgnifying  §o«r. 
Cilia-     (Lat.  cilium,  an  oycliwh.)    i  he  microscopic  hair-like  hodiei  which  

by  thinr  vibratilc Attiun^  eurruuis  in  the coutiguotis fluid, or  a  moiKoft  of  iKiebodf 

to  which  tbey  ixrv  uiUu-hLiL  ^ 

CiLUTKn,     l*rovi(k*c1  vvith  vibratilc  cilia. 
CiLioBiiAciiiATA.     Tbc  clsiis  of  Tijlyr^s  in  which  the  arms  are  pivvided  witli  vilira. 

tiic  cilia, 
Cii.1043 RAPES.    (Lat.  cilium  ;  and  gradior^  I  walk.)    Tbc  order  of  A«alerblye  wUch 

swim  by  the  action  of  cilJu.  ^ 

CmrtTsiuYHATiojis.     (T^t.  circvm^  around  ;  gyrwt^  a  circle.)    Motions  in  a  cirric, 
Ciniii.    (I^,  cirrut^  a  curl.)    The  curled  lilameutaiy  uppendnges,  aa  the  r«ot  cif  I 


GLOS8ABT.  671 

CiRRTOEHOiTS.  Supporting  cirri 
CiBRiORADES.  Moving  by  cirri. 
CiBRiPEDS  or  CiRRiPEDiA.    (Lat.  cirn»,  a  cnri ;  pes,  a  foot.)    A  class  of  articulate 

animals  having  curled  jointed  feet.    Sometimes  written  Cirrhipedia  and  Cirrh^ 

poda. 
Clay  ATE.    (Lat.  clavusj  a  club.)    Club-shaped ;  linear  at  the  base,  bat  growing 

gradnally  thicker  towards  the  end. 
Cloaca.    (Lat  cloaca,  a  sink.)    The  cayitj  common  to  the  termination  of  the  in- 
testinal, luinaiy,  and  generative  tubes. 
Cltpeiporm.    (Lat.  clypeus,  i^shield ;  forma,  shape.)    Shield -shaped  ;  applied  to 

the  large  prothorax  in  beetles. 
CoARCTATE.    (Lat.  cooTcto,  I  comprcss.)     The  pupa  of  an  insect,  which  is  enve- 
loped by  a  case,  which  gives  no  indication  of  the  parts  it  covers. 
C<ELELMiNTHA.  (Gr.  koUos,  hollow ;  helmiiu,  an  intestinal  worm.)     The  intestinal 

worms  which  are  hollow,  and  contain  an  alimentary  tube  in  the  cavity  of  the  body. 
CoLEOPTERA.    (6r.  koleos,  a  sheath ;  pteron,  a  whig.)    The  order  of  insects  in 

which  the  first  part  of  wings  serves  as  a  sheath  to  defend  the  second  pair. 
Columella.   (From  the  Latin  for  a  small  column.)   Used  in  Conchology  to  signify 

the  central  pillar  around  which  the  spiral  shell  is  wound. 
Commissural.    (Lat.  committo,  I  solder.)     Belonging  to  a  line  or  part  by  which 

other  parts  are  connected  together. 
CoNCHiPERg.    (Lat  concha,  a  shell ;  fero,  I  bear.)    Shell-fish  *,  usually  restricted 

to  those  with  bivalve  shells. 
CoNDTLOPODS.    (Gr.  kondulot,  a  joint ;  pons,  a  foot)    The  articulate  animals  with 

jointed  legs,  as  insects,  crabs,  and  spiders. 
Coriaceous.    (Lat.  corium,  hide.)    When  a  part  has  the  texture  of  tough  skin. 
CoRNUA.    (Ijat  comu,  a  horn.)    Horns  or  horn-like  processes. 
Cornea.    (Lat.  comeus,  horny.)    The  transparent  homy  membrane  in  front  of 

the  eye. 
Corneous.    Homy. 
CoRNEULB.    Diminutive  of  cornea ;  applied  to  the  minute  transparent  segments 

which  defend  the  compound  eyes  of  insects. 
Cretaceous     (Lat  creta,  chalk.)    Belonging  to  chalk. 
Crinoid.    (Gr.  krinon,  a  lily ;  eidos,  like.)    Belonging  to  the  Echinodorma  which 

resemble  lilies ;  the  fossils  called  stone-lilies  or  encrinites  are  examples. 
Crura.    (Lat  cnu,  a  leg.)    The  legs  of  an  animal,  or  processes  resembling  legs. 
Crustacea.    (Lat.  cnuta,  a  crust)    The  class  of  articulate  animals  with  a  hturd 

skin  or  crust,  which  they  cast  periodically. 
Cryptobrahcuiate.    (Gr.  kniptos,  hidden ;  bragchia,  gills.)    Those  molluscous 

and  articulate  animals,  which  have  no  conspicuous  gills. 
Cryptooamic.    (Gr.  Aruplof,  concealed ;  ^aiiuw,  marriage.)    The  animals  or  plants 

in  which  the  organs  of  generation  are  concealed. 
Cyclobrancqiata.    (Gr.  kukloa,  round ;  bragcfua,  gills.)    The  molluscous  animals 

which  have  the  gills  disposed  in  a  circle. 

Decapoda.  (Gr.  deca,  ten  ;  potu,  a  foot)  The  crastaceous  and  molluscous  ani- 
mals which  have  ten  feet 

Decollated.  (Lat  decoUo,  to  behead.)  The  univalve  shells  in  which  the  apex  or 
head  is  worn  off  in  the  progress  of  growth. 

Deciduous.    Parts  which  are  shed,  or  do  not  last  the  lifetime  of  the  animal.  ^ 

DEniscENCB.  (Lat.  dehisco,  to  gape.)  The  splitting  open  of  the  bag  containing 
the  eggs. 

Deflected.    Bent  down. 

Demodex.  (Gr.  demos,  lard ;  dex,  a  boring  worm.)  The  worm-like  parasite  of 
the  human  sebaceous  follicles. 

Dendritic.    (Gr.  dendron,  a  tree.)    Branched  like  a  tree. 

Dermal.    (Gr.  derma,  skin.)    Belonging  to  the  skin. 

Diagnosis.  (Gr.  diagitjnosco,  I  d'stingnish.)  Tlie  scientific  distinction  of  one  ani- 
mal or  part  from  another,  or  the  definition  of  its  essential  characters. 

DiBRAKCiiiATA.  (Gr.  dis,  twice;  hragchia,  gills.)  The  order  of  CJephalopodi 
having  two  gills. 
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DufKi-orft.    (tif*  dun  W/  Trv.)    A  h«rt  frttli  two  cbyUi<^ 

I  >i fi i<^Y LK.    ( Gn  (/tV ;  n  A  fmccrO    A  limb  ttnaaamitd  hy  twQ 

llrtiiTATi:;.    (liftt.  %i>iM,  a  »..=  _  ^^ '   ■  -  '    -  -tpftoti*  pmrcMM  Hit*  1 
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rt  Uio  cour»«  of  a  longer  one, 
vtf A^  tli«  btck.)    Towards  Utt  b«<;k« 
vfK.    (L«t.  darmm;  ftnd  ^tm^mi,  gilki) 

1)<>k9u  1  Uidi  lA  on  th«  dotfiftl  Mpeci  of  tiio  intertlnt. 

lYt'LTi'm  ii  eonreyi  mwaky  the  nei«tioti  of  a  gUtiiL 

DuoiiKsiiii,      J  iH  >ii-(  jH-MfMn  uf  ihe  EmaU  intetdne,  which,  in  tim  humaii 
oqQaif  the  brejidth  of  twt^ivc  fingers^ 

£c»Y«im.  *  (From  the  Gn»ek,  signi^iiig  the  Bid  of  gripping.)     Motiliiotg 

•kin. 
KrittifoDKHAiB.     (Qr.  echimos^  a  hedgehog ;  4leniia,  •kia.)    The  rHw  of 

MJiimivb,  most  of  which  have  ^pmj  tkiua^ 
Kur^wti  M)i'ft.    From  tJi«  Liittti  wonl  for  toodiloM. 
KiiHicji»iTti4i.MJu    (Qr.  §dmiott  attttng  or  tatfib;  and  yAiiafairig,  im  ^]rcu)    TM 

Cnijstiiccii  wttli  ft«(»U(3  c^ea. 
ELTTttA.    (Gr.  eintrm,  a  thcath.)    The  wing  duieths  {brmed  bj  the  modilied  is^ 

icriiir  p«ir  of  wing»  of  boetles. 
EiCAiiGiNATK.    {Uiu  em/injimu  lo  remove  an  edge.)    WbdD  All  edge  or  margia 

imn^  us  it  were,  a  part  btlteii  out 
KMUMrrt>ttii£4.    (Lftt.  emunffo,  to  wipe  the  oose.)    Parti  which  oarj  oat  of  tha 

Innly  lUMflcM  or  noxioii»  particles. 
E]iAt.i(»a4(rfc    (Gr.  tnaltm,  niArmo  ;  MuriMt,  a  liiard.)    An  esctinct  order  of  meHm 

gigantic  rt'ptiJi^  allied  to  crrx^miilc^  uritl  fiihi-s. 
£yc!KrnAtJu    (Gr.  rx,  m  t  keyhole^  he^ul)    The  moUaacoiis  aattnalB  wlueSi  heie  A 

dutihict  hoaii 
KMTonoLOiiY,    (Gr.  emkmii,  iniectj  j  /o^,  a  diaoonrac;.)    The  depertneiit  of  He* 

turiil  History  which  if^tits  of  in  sec  U* 
l^JCTonosTitACA.     (Gr.  entama^  tnsoctS}   tatracon^  a  ahell.)     The  order  ef 

CruttactMui^  tiiany  of  which  are  encloaed  in  ao  integameni,  like  a  biralire 
Entiixoa.    (Gr.  enttm,  within;  joon,  anttnal.)    The  animaia  whi^  eadil 

other  finirnAlaL 
Kuci&TiE.    (Gr,  «M,  the  dawn  i  kainot,  recent)    The  tertt|irT  period,  iv 

cxtrr^mcly  small  prujiortion  of  living  specios  indicaies  the  'lir«t 

dawn  of  the  «ixbttng  ttatc  of  aniinate  creation. 
Ki'i DERMAL.    (Gr.  efttfiermijt,  the  cuticle.)    Belonging  to  the  futiele  or  ^_^ 

EiMMEKAi..    (Gr  rpi,  ujHHi ;  mtnm^  A  limb.)    The  part  of  the  aegmeiu  of  aa  tf? 

ticalnt«  animal  which  is  afiovc  the  juini  of  the  limb. 
Ern*LooN.    (From  the  Greek.)    It  is  the  fatly  inembraiie  which  eorera  or  oocQpiM 

the  iiitcniiiticeH  uf  the  etutiiilji  in  the  abdomeit 
EpjsTEaNAi^    (Gr.  tpu  ^[tou  \  ififmoHt  the  breast-bone.)    The  piece  of  the  eogflMOil 

of  an  artieolot^  nnimal  which  ia  immediately  above  the  tniddio  inferior  fneoe  or 

stenititn. 
Ei*i?itEi.i[  M.     The  thin  membrane  which  oovors  Iht  mocous  mcoibraiieei  it  k 

anrUoj^'ott»  It*  ihc  epiilcnn  of  the  skin. 
Kn^tu.    (Gr.  qn^  upon-^  zooh^  aniiiKLl.}    The  claas  of  low  organised  ftAratiiie 

CniHtacvaim  w  hieh  live  iipon  other  aniiiml^ 
EitRAXTi.*!.     (Lnt.  erm,  I  wander.)    An  order  of  the  daet  Annelida,  retiwrhAhle 

for  tht'ir  looiiiuutive  powers. 
Eacitohotouy.    The  function  of  the  ticrvotis  syatem  by  which  an  iinp*c**.ion  ts 
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transmitted  to  a  centre,  and  reflected  so  as  to  produce  contraction  of  a  muscle 

without  sensation  or  volition. 
EZO6MO0B.    (Gr.  ex,  out  of;  oiheo,  I  expel)    The  act  in  which  a  denser  fluid  is 

expelled  from  a  membranous  sac  hy  the  enti^  of  a  lighter  fluid  from  without 
ExuYiuii.    (From  the  Latin,  signifying  the  skm  of  a  serpent)    The  skin  which  is 

shed  in  moulting. 
ExuYiAi..    Any  part  which  is  moulted. 

Facet.    (From  the  French.)    A  flat  surface,  with  a  definite  boundary. 

Fasgiclb.    (From  the  Latin /a«cu;if/iM.)    A  small  bundle. 

FiLiroBic    (Lat^Km,  a  thread ;  forma,  a  shape.)    Thread-shaped. 

F188IPAROU8.  (Lat  fUuh,  I  cleave ;  pario,  I  produce.)  The  multiplication  of  a 
species  by  the  self-cleavage  of  the  individual  into  two  parts. 

Flabelliform.    (LatJlabeBym,  a  fan.)    Fan-shaped. 

Flagbllum.  (From  the  Latin.)  An  appendage  to  the  legs  of  the  Crustacea  re- 
sembling a  whip. 

Flexobs.    (JjBX,Jiecto,  I  bend.)    The  muscles  employed  in  bending  a  limb. 

Flbxuous.    a  bending  course. 

FoLiACBous.    (Lat. /oft'acm,  a  leaf.)    Shaped  or  arranged  like  leaves. 

FoLUCLE.  (Lat/ootcu/itf,  a  small  bag.)  Minute  secreting  bags  which  commonly 
open  upon  mucous  membranes. 

F088ILIFEROD8.  (\jbX,  foisUi*,  any  thing  dag  out  of  the  earth  ;  and /ero,  I  bear.) 
Applied  to  the  strata  which  contain  the  remains  of  animals  and  plants,  to  which 
remains  Geologists  now  restrict  the  term  Fossil. 

FucivoBOUs.  (Lat. /uotf,  sea-weed;  and  voro,  I  devour.)  Animals  which  subsist 
on  sea-weed. 

Fusiform.    (Lat /iuitf,  a  spindle;  and /orma,  a  shape.)    Spindle-shaped. 

Ganglion.  (Gr.  gagglion,  a  knot)  A  mass  of  nervous  matter,  forming  a  centre 
from  which  nervous  fibres  radiate. 

Gastropoda.  (Gr.  $«u/«r,  stomach  ;  pous,  a  foot.)  That  class  of  molluscous 
animals  which  have  the  locomotive  organ  attached  to  the  under  part  of  the  body. 

Gemmiparohs.  (Lat  gemma,  a  bud;  pario,  I  bring  forth.)  Propagation  by  the 
gnx)wth  of  the  young,  like  a  bud  from  the  parent 

Gemmule.  (Dim.  of  gemma,)  The  embryos  of  the  radiated  animals  at  that  stage 
when  they  resemble  ciliated  monads. 

Gbrmen.    In  plants,  the  part  answering  to  the  ovarium  in  animals. 

Germ-cell.  The  first  nucleated  cell  that  appears  in  the  impregnated  ovum,  after 
the  reception  of  the  spermatozoon  and  the  dbappcarance  of  the  germinal  vesicle. 
The  germ-cell  assimilates  the  surrounding  yolk  and  propagates  its  kind  by  spon- 
taneous fission,  whence  the  first  or  parent-cell  has  been  termed  the  *'  primary 
germ-cell,"  and  its  progeny  the  "  derivative  germ-ccUs." 

Germ-mass.  The  material  prepared  for  the  formation  of  the  embryo,  consisting 
of  the  derivative  germ-cclls  and  the  yolk  which  they  have  assimilated. 

GERM*yE8iCLB  or  Germinal  vesicle.  The  nucleated  cell  which  is  the  first  formed 
and  most  essential  part  of  the  ovum  ;  it  is  surrounded  by  the  yolk,  and  usually 
passes  to  the  periphery  of  that  part  prior  to  impregnation. 

Germ-tolk.  That  portion  of  the  primary  yolk  of  the  egg  which  is  assimilated  by 
the  germ-cells  in  the  formation  of  the  germ-mass.  In  some  animals  the  whole 
yolk  is  so  assimilated,  in  others  (sepia,  e,  g.)  only  a  small  portion,  the  remainder 
being  the  **  food-yolk,"  and  absorbed  by  the  future  embryo  or  young  animal. 

Globose.    (Lat  globus,  a  globe.)    Globe-shaped. 

Glomologt.  (Gr.  ylogse,  the  tongue  ;  Gr.  logos,  discourse.)  The  science  of 
scientific  language. 

Granules.    (Dim.  of  aranum,  a  grain.)    Little  graina 

Gtngltmoid.    (Gr.  giggUtmos,  a  hinge.)    A  joint  formed  for  motion  on  one  plane. 

Haubtbllate.  (Lat.  haurio,  I  drink.)  The  structure  of  mouth  adapted  for 
drinking  or  pumping  up  liquids ;  also  the  insects  which  possess  that  kind  of 
mouth. 

HEi.MiNTHoiD.    (Gr.  helmins,  an  intestinal  worm.)    Worm-shaped. 

X   X 
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0]iiqtt«  wad  fin&  like  an  eljnntm. 
Hxmrnuuu    (Gr.  kmimk  haM  i  ptmrn^  m  wiqg.)    Tkc  qpler  of  i 

Ifity^T**^    (Lftt.  Atfpor,  liver.)    BelcNigitta  la  tbt  Uvvr. 

flnaiTCMovA.    (Lftt,  ^UrAo,  grw ;  ivrv,  I  devoitrO    Th«  >ttiwl>  nrlridi  i 

H&Kti^rititoDtT£.     (gji  WM|  ISercurj  i  JiAndiia^  Venus.)      Am  im^rvhml  I 

wlikii  i»Ak  Mill  fwmtH  dMnclKbtic*  m  ooNnibm<yL 
IIiETttK(t<iAKC)LL4rx,    (Gf.  Mcru*,  dftvmc  ;  ptyghom. )    Tlie  ■wlfmlw  trtth  tfe»pi 

gUo&ie  DonrooB  ^TiMn,  snd  the  fwi^liooa  icaiicprd,  oflcii  tsavriaaMtriadltf. 
MMinatQfmomrmotm»    (Gr*  Artwo,  anoihcr ;  wtmpiut  form.)     Of  mn  kw^ri^  i 

wnifwtl  ibtn,  i{iplM  to  ibe  tannt  of  certain  ioaicta  wliidi  diAr  ia  turn  fen 

llli  IttMfO,  uid  i^plkttbto  to  tbe  true  Urf»l  ft«to  of  all  inaeeta. 
Bsi;AtOBk    (Or.  AM, fix;  !»■•,& (but.)    *I1m  fliiiiiuUt  wiili  «ix  l«si^  ettrli an ei 

iaaeoto. 
HmotxKSKUt.    (Gr,  Atiloi,  a  tiasw  $  logyM,  diieourMb)    TImi  ilocuiwecif  tlie  tiffB 

which  enter  into  the  foftiiatioii  of  an  aninial  and  ite  difctaH  orgaifci 
HoMOQAifOLi^Tic.    (Gr.  I^mm,  IUm  i  fejfMlwL)    Tha  aftiBMlt  wSi  tW  j 

nerrocn  fyitczD  mnd  qrmaiMtiloit  acfinfCiMnfit  of  the  gan^om 
HoMOLoous,    (Gr  AoMot;  %tM,  meeh.)    The  Moe  eargaa  in  iliAiiEtt 

mder  ercrj  Tariei^  of  fbmt  Mid  nmotion. 
HoflOMoitPBOVft.    (Or.  hamat,  like  ;  morpke,  fofwu)    Of  elioilar  fbmt. 
HoxorrKKA.    (Or.  AnntrM,  like  ;  pienm,  n  wing.)    The  tnv^u  in  wliidi 

win^  have  a  similar  i»tnictare,  but  rDvtricted,  in  iti  applicatjoo,  to  a  j 

Ilcmiptcra. 
Htalivh,    (Or.  kmaioM,  eryitaL)    The  pellucid  fnhetanee  which 

ipontoneoDi  fMon  Of  eellj. 
Hydatiix    (Or*  kmdaii*t  a  reside.)    A  bladder  of  albuminoiw 

taintn^  scrons  flnid  s  general! jr  detached  i  •onoetiiDei  with  an  ofgaaiaed 

and  neck. 
Htdix     (Gr.  hudtA,  a  water-terpent.)    Tlie  inodant  geocric  hazdo  of  i 

ftcriiwalcr  Foljpej. 
HTtmiFoaic    Similarljr-fonncd  I^jljrpce  to  the  lijdm,  _ 

HroaoiOA.    (Gr.  hmdra$  zoom,  animal)    Tbe  daa  of  Foljpi  org«tilaed  Idevl 

Hydra. 
Hrifitjtoi-TKiu.    (Or.  hmmot,  a  membrane  ;  pkrom,  awing.)    The  order  of  iata 

inelttdiDg  tha  bee»  waap^  &c  wldch  hare  four  mDmhranons  wingv. 

Imbricatkbw    (Lat,  m^ieatug^  tiled.)    Scales  which  lia  one  upon  aftoibar  I 

tile«. 
iMGLuvnEa.    A  o^p  or  i>Arttfll  dilatation  of  the  oeiophignft. 
htopKWcmjLiL    Univalve  ahclli  which  hare  no  opcareoliim  or  lid. 
Insthumknta  CrBARiA,    (Lat.  cibus,  food.)    The  parts  of  the  moutfa  In  ^am 

coneenicd  in  tbe  ncqnisition  and  prcpamtion  of  the  food, 
iKTBRAMDrLACRJL     The  itiip<?rforate  plntcJi  ^«ii:  '  v  the  taterrala  oft 

forutcd  ones,  or  ambiitAcro,  in  the  shclU  uf  i'.  krros.     See  jfa 

IirrEnOAsouowic*     (Lai.  inter,  between  ;  anii  The  nerroas 

thu  iiitervalj  of  the  gangUonii^  which  xhi*y  e»  lier. 

IirrBRSTiTiAU     (Lat.  iniersiitium,)     Kclatiiig  t  rvuls  iKrtweoii  p^rttfw 

l2rTRA-irrERT?rs.    (Ijit.  intra^  within  ;  utgrw,  the  wvmW)    That  which  Is^  «)r 

place,  within  the  womb. 
lHTDi«u»CEPTfON.     (LaL  intuM^  within ;  suMripUh  I  t*^kc  up.)     Tbe  act  <^  | 

foreign  matti?r  into  a  living  beings.     Also  the  ftiite  <jf  ii  pjirt  of  n  tuho  ' 

invt?rtod  within  ii  contiguous  part, 
IjfrAcuKATiet>.    (ImU  in  ,•  vagina,  a  fiheath.)    When  a  part  is  contained  in  i 

ns  in  A  Nhcaih. 
IsrraaTBRiiATA.    (fjut  tit,  naiHl  in  composition  to  signify  not,  like  aa  ;  swrlk 

bone  of  the  bnck.)    Animals  without  Lack -bancs. 
IftojjYCLf  jrri».     (Gr.  i*r**,  otiuol  ;  kHklfm^  a  ring.)    An  nniinJil  compoerd  of  «  i 

fiiuii  of  equal  Hugs, 
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IsoFODA.  (Gr.  iso8,  equal ;  pous,  a  foot)  An  order  of  Cmstaceans  in  which  the 
feet  are  alike,  and  equal 

Labium.    Latin  for  a  lip ;  but  applied  only  to  the  lower  lip  in  Entomology. 

Laobuh.    Latin  for  a  lip ;  but  applied  only  to  the  upper  lip  in  Entomology. 

Lamsllibrakchiata.  (Lat.  hmaia,  a  plate  ;  bragckia,  gills.)  The  class  of  ace- 
phalous Mollusks  with  gills  in  the  form  of  membranous  plates. 

Lauelliform.    Shaped  like  a  thin  leaf  or  plate. 

Lahiariform.  (Lat.  lanio,  to  cut  or  tear  ;  fomuh  shape.)  Shaped  like  the  canine 
teeth  of  the  Camivora,  which  are  called  laniaries  from  their  office. 

Larya.  (Lat.  hrva,  a  mask.)  Applied  to  an  insect  in  its  first  active  state,  which 
is  generally  different  from,  and  as  it  were  masks  tlie  ultimate  form.  Lanriform, 
shaped  like  a  larva. 

Labtiparous.  (Lat  larva;  pario,  I  produce.)  The  insects  which  produce  their 
young  in  the  condition  of  larvse. 

Lbmmiscus.  (The  Latin  for  riband.)  Applied  to  the  minute  riband-shaped  ap- 
pendages of  the  generative  pores  in  Entozoa. 

Lepiooptera.  (Gr.  lepis,  a  scale  ;  pieron,  a  wing.)  The  order  of  insects  in  which 
the  wings  are  clothed  with  fine  scales,  as  butterflies  and  moths. 

IfACROURA.    (Gr.  makros,  long ;  oura,  taiL)    The  tribe  of  decapod  Grustacea  which 

have  long  tails,  as  the  lobster. 
Malacoloot.    (Gr.  malakos,  soft ;  logos,  discourse.)    The  history  of  the  soft- 

bodied  or  molluscous  animals,  which  were  termed  Malakia  by  Anstotle. 
Malacostraoa.    (Gr.  malakos ;  ostrakon,  a  shell.)    The  name  given  by  Aristotle 

to  the  modem  Crustacea,  because  their  shells  were  softer  than  those  of  the  Mol- 

lusca,  or  ordinary  shell-fish. 
Mammalia.    (Lat.  mamma,  a  breast)    The  class  of  animals  which  give  suck  to 

their  young. 
Mamdibulata.    (Lat  mandibula,  a  jaw.)    The  insects  which  have  mouths  pro- 
vided with  j^ws  for  mastication  ;  the  term  mandible  is  restricted  in  Entomology 

to  the  upper  and  outer  pair  of  jaws. 
Mantle.    The  external  soft  contractile  skin  of  the  Mollusca,  which  covers  the 

viscera  and  a  great  part  of  the  body  like  a  cloak. 
Marsupial.    (Lat  maraupium,  a  purse.)    The  tegumentary  pouch,  in  which  the 

embr}'o  is  received  after  birth,  and  protected  during  the  completion  of  its  de- 
velopment 
Mastodok.    (Gr.  mattoa,  a  teat;  odon,  a  tooth.)    A  genus  of  extinct  quadrupeds 

allied  to  the  elephant,  but  having  the  grinders  covered  with  conical  protuberances 

like  teats. 
Maxilla.    (Prom  the  Latin  for  a  jaw.)    In  Entomology  restricted  to  the  inferior 

pair  of  jaws. 
Median.    Having  reference  to  the  middle  line  of  the  bodv. 
Medulla  oblongata.    The  oblong  medullary  column  at  the  base  of  the  brain,  from 

which  the  spinal  chord  or  marrow  is  continued. 
Medusa    A  genus  or  family  of  soft  radiated  animals  or  acalephes,  so  called  because 

their  organs  of  motion  and  prehension  are  spread  out  like  the  snaky  hair  of  the 

fabulous  Medusa. 
Mesentery.     (Gr.  mesoa,  intermediate  ;   and  enteros,  entrail)    The  membrane 

which  forms  the  medium  of  connection  between  the  small  intestines  and  the 

abdomen. 
Mbsogastric.    (Gr.  mesos;  and  gaster,  Btomach,)    The  membrane  which  forms 

the  medium  of  attachment  of  the  stomach  to  the  walls  of  the  abdomen. 
Mbsonotum.    (Gr.  mesos^  middle  ;  notos,  back.)    The  middle  piece  of  that  half  of 

segment  which  covers  the  back. 
Mesostbrnum.    (Gr.  mesos;  stemon,  breast)    The  middle  part  of  that  half  of  the 

segment  which  covers  the  breast 
Mesothorax.     (Gr.  meaos,  middle ;  and  thorax,  the  chest)    The  intermediate  of 

the  three  segments  which  form  the  thorax  in  insects. 
Mbtabola.    (Gr.  metabole,  change.)    Those  insects  which  undergo  a  metamor- 
phosis. 
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HIS  <IM] 

^  tmm  whk^  tho  f^prtmmwliw  of  a  i      ' 

IpiiiiBg  by  m  Mriei  of  faeoHilvtly  ^wwirwitd  iadivltadt  Htm  iiie 

tuasnv  «r  laiAgo  iUtc,    It  b  diatingniiilwfid  frooi  ^ 

tlicct  chftaget  Aiv  UDdergoM  to  tlie  Mine  tndifidfuiL 
HirrAMoiii^imtii.    (Gr  mHa,  ngaiiflng  elmiigt;  mmI  wmpU^  Ibra.) 

of  farm  which  the  intliti<!uAi  of  cetUin  i  ' 

•tjige  oC  caiictcncc  to  anotlMr. 
lln-AmoiiAx     (Qr.  iHla,irfker;  Ijftopw^*) 

wkadi  compotQ  the  tfaonui  of  ttn  iii«eet. 
TifWfflBl^    (Gr.  Nvibm  l^'Mi    IflMUNH  ivce»tO    The  l<:nki7  cfioeli  to 

miMiri^  of  foitit  th«Ui  ar«  of  til*  reoetit  8pe<  ic^. 
HOUKULM.    (Dim.  of  Mo/Set,  A  maaf.)     MicrD<-  <  lr«. 

HoLLOtGA.    (IjiI*  meUm^  soft.)    Tho  pnmar}  ^  ilio 

ohanctcTiied  at  (ittgc  13, 
1COMJU3L    (Gr.  MoiuM,  uniljr.)    Tbo  geous  of  the  moat  mbalo  anil  i 

icopie  animalcolcii,  ihaped  lika  a|iherioal  «eUBp    MaaAdi£»ra^  |ik#  m  i 
MoNAi'iAKY.    Tho  coouBOft  onveloM  cimmj  ocgpnicatlT  ai 
MuMtiioKM.    {lM>  w^mik,  a noclJacit.)    A atnictaf« likfi  »  i 


The  hiiidznoat  of  Ibe  clnve 


Tho  mtmala  which  ha»8 


IfoaoCAarova.    (Gr.  9umo$,  iingle; 

peiUhea  wheti  they  haft  once  borne  fruit 
MovoctrLua.    (Ur.  moaoi,  iiogle  i  Lot.  oeulu*,  m  eye.) 

hut  OM  e  jre. 
lloinBCtoini.    (Gr*  wtatm,  mngh ;  and  oiko*,  hooie.)    Organiaw  whoaa 

it  both  male  and  female 
MoKOMfAar.    (Gr.  mvmmm,  tmgk;  hhkm,  a  mniclek)    A  Uralve  whoaa  ahiUli 

cIomh]  hjr  tine  AtUluc'tor  muAclo. 
MoHijTtiAtAMovu.    (Gr.  fHcMiof;  MdbaKw,  a  chamber.)    A  eheU  famtio^  aaui^ 

chamber,  tiko  that  of  the  whelk* 
MoannujoGY.    (Gr.  iMoiykAc,  Ibnn;  ^o«,  diacouno.)    Thahiilofyof  the 

tknt  of  form  whieh  tho  tamo  organ  twdorgoei  la  tho  Mtno  or  in 

Mqto^y^     The  ncTTCj  which  excite  aii<l  control  mui«^. 
MtrLTfVAtra.     (Lat.  muihss,  manv^   iWivr,  fojdiug^oort.)     SheUa 

many  }iicc«B  or  ralvea. 
hlTmucNCKrnjtLA.    (Gr.  mueloM,  marrowr;  figltrfthakm^  hrain.^    Tb«  i^rmmrj 

nioii  of  aiumal«  diaracteriaed  bj  a  brain  and  vpinat  marrow. 
HfaiAFottA,    (Gr.  Murior,  ten  thousand  i  potu,  foot)    Tho  ordor  of  inateucht* 

rtctcriied  hj  their  numerooa  feet 


tlkeviodiM^ 
Indiii^ 

conpoJH 


wonna. 


KArusoci.     Fearlr,  like  mother-of-pearl. 
Natatory.     An  animal  or  part  formed  for  fwimming. 
Nkmatoidka.     (Gr.  nema,  a  threads  «idos,  like.)    Tho  inteattnal 

are  long,  flenclcr.  and  cylindrical  lie  ihreada, 
Nbm AToNEvnA.     (Gr.  nrma^  o  thread ;  meuron^  a  nerve.)    Tho  animals  la  whid 

tlic  ncrrooj  ST»tcm  h  tilamcnCnry,  as  in  the  £tar*d»h. 
NaftTTaEa.    (Lnt.  nm^iw,  a  sinew.)    The' doUcato  frame-work  of  tho 

wings  uf  irtsccl«. 
NauatLKMifA.    (Gr*  nturam,  a  nerro ;  lemma,  a  covicring.)    The  momlunaiia 

flurroundj  the  norroua  tlhre. 
NatiaoLooT.  (Gr.  aciircni,  a  ncnrc ;  logos,  a  discourse. )  Tbe  adence  of  tbo 

NKL^KOPTKnA*    (Gr.  neuron,  a  nerve  ;  pieron,  a  wing.)    The  grd«r  of  iiiaecta 

fimr  wingSf  characterised  by  their  nnmcrooa  ncrruroSi  Gko  thoae  of  the 

fly. 
NiDAiiEKTAL.     (l^u.  fthiuM,  a  nett)    Bclnting  to  the  protection  of  tho  eg 

young,  etpccially  applied  to  the  organs  that  sccreto  tho  materifil  of  which 

animals  consitnict  tfieir  nest^. 
NoDutE.    (Dim,  of  mnJu^t,  a  knot)    A  little  kno(4ike  emtomioa. 
Normal.    (Lat.  nenao,  rtile,)    According  to  rule,  ordinary  or  natural. 
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NoTAL.    (Gr.  notos,  the  back.)    Belonging  to  the  back. 

Nucleated.  Having  a  nucleus  or  central  particle ;  applied  to  the  elementary 
cells  of  animal  tissues,  the  most  important  properties  of  which  reside  in  the  nu- 
cleus. 

NuDiBBACHiATE.  (Lat  tiudus,  naked ;  brachia,  arms.)  The  Polypes,  whose  arms 
are  not  clothed  with  vibratile  cilia. 

NuDiBRANGUiATE.  (Lat.  fiudus,  naked ;  bragckia,  gills. )  An  order  of  Gastro- 
pods in  which  the  gills  are  exposed. 

OcTOPODA.    (Gr.  octOj  eight ;  pous,  a  foot.)    Animals  with  eight  feet.    The  name 

'of  the  tribe  of  Cephalopods  with  eight  prehensile  organs  attached  to  the  head. 
CEsoPHAQUs.     The  gullet  or  tube  leading  from  the  mouth  to  the  stomach. 
Olfactobt.    (Lat.  ol/actus,  the  sense  of  smelling.)    Relating  to  that  sense. 
ONTCHQCTEUTins.    (Gr.  onuXf  a  hook ;  teuthis,  a  calamary.)    The  genus  of  Cala- 

maries  armed  with  hooks  or  claws. 
Oolite.    (Gr.  oon^  egg ;  lithos^  stone.)    An  extensive  group  of  secondary  lime- 
stones, some  of  which  are  composed  of  rounded  particles,  like  the  roe  or  eggs  of  a 

fish. 
Operculum.    (From  the  Latin  for  lid. )    Applied  to  the  homy  or  shelly  plate 

which  closes  certain  univalve  shells ;  also  to  the  covering  of  the  gills  in  fish,  and 

to  the  lids  of  certain  eggs. 
Oral      (Lat.  o«,  the  mouth.)    Belonging  to  the  mouth  or  to  speech. 
Orthocera  and  Orthoceratite.  (Gr.  orthos,  straight ;  keras,  horn.)  The  extinct 

Cephalopods  which  inhabited  long  conical  chambered  shells  like  a  straight  horn. 
Orthoptera.    (Gr.  orthos,  straight ;  pteron,  a  wing.)    The  order  of  insects,  with 

elytra  and  longitudinally  folded  wings. 
Osseous.    (Lat  os,  a  bone.)    Bony. 

Otolithes.    (Gr.  oim,  an  car ;  /ttAo«,  a  stone.)    Tlie  stony  or  chalky  bodies  be- 
longing to  the  internal  ear. 
OvARiuif.    (Lat.  ovum,  an  egg.)    The  organ  in  which  the  eggs  or  their  elementary 

and  essential  parts  are  formed. 
OncAPsuLK.      (Lat.  ovum,  an  egg ;  capsular  a  bag.)     An  egg-bag  formed  by 

some  membrane  or  secretion  of  the  animal. 
OviOEROUS.    (Lat.  ovum,  an  egg ;  gero,  I  bear.)    Animals  or  parts  containing  or 

supporting  eggs. 
OviPAROL^.  (Lat.  ovum ;  pario,  I  bring  forth.)  The  animals  which  bring  forth  eggs. 
Ovipositor.     (Lat.  ovum ;  pono,  I  place.)     The  organ  in  insects,  which  is^  often 

large  and  complicated,  for  the  transmission  of  the  eggs,  during  exclusion,  to 

their  appropriate  place. 
OvoviviPAROUs.    (Lat.  ovum,  egg  ;  vivua,  alive ;  pario,  I  produce.)    The  animals 

which  produce  living  young,  hatched  in  the  egg  within  the  body  of  the  parent, 

without  any  connection  with  the  womb. 

PAL^toNTOLOOY.      (Gr.  palotwt,  ancient ;   onta,  beings ;   logos,  discourse.)     The 

history  of  ancient  extinct  organised  beings. 
Pallial.    (Lat.  pallium,  a  cloak.)    Relating  to  the  mantle  or  cloak  of  the  Mol- 

lusca. 
Palliobranchiata.    (Lat.  pallium;   bragchia,  gills.)     The  class  of  acephalous 

MoUusca  in  which  the  gills  are  developed  from  the  mantle. 
Palpi.    (Lat./)a//)o,  I  touch.)    The  organs  of  touch  developed  from  the  labium 

and  maxillae  of  insectn. 
Papilla.     (Lat.  for  nipple.)     Minute  soft  prominences  generally  adapted  for 

delicate  sensation. 
Papyraceous.    (Gr.  papuros,  paper.)    Of  the  consistency  of  paper. 
Parenchyma.    The  soft  tissue  of  organs;  generally  applied  to  that  of  glands. 
Parietes.    (Lat.  paries,  a  wall)    The  w  Jls  of  the  different  cavities  of  an  animal 

body. 
Parthenogenesis.    (Qr. parthenos,  a  virgin;  gignomai,  to  be  bom.)    Propagation 

by  self-splitting  or  self-dividing,  by  budding  from  without  or  within,  and  by  any 

ifiode  save  by  the  act  of  impregnation;  the  parthcnogenetic  individuals  being 

sexless  or  virgin  females. 
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PK]utT4i.TiG.  (Or.  jirri  f  Mfjta,  to  rtngt,)  TIm  Ytrmlenkr eoolnKlfiogM afei  MHiaM 

of  miucalftr  cihiaK  ■«  the  nljuipiiterjt  the  drcikitiiigi  anil  fMicmifc  taboL 
PimiTOitmAt.    (Gr.pwriiommott  th«  opvoriftj^  of  tN  ftbdomtii.)    Bestricieil  to  lit 

llntag  menbrnfie  of  iliAt  oA^k^. 
Fksi^kmAi    (Gr*  prrit  mron*  '     '--a,  bole)    The  nkcd 

roundx  th«  brt-^ithini?  Iioto.  -  v 

pKTtoi.A'nt,    (tat,  petk/tuM^  a  ,.  .1  ,^Uk.)    Dacis  tuppoited 

fdentlcr  iMlk« 
Vit  \nTKT.    The  ililntrd  beginning  of  the  gnllefc. 
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Ti^  tig  to  the  |>bM7ii: 

1  I  1-t  The  ikrcmiiite. 

iVn  r      (Gr.  olttii«»nir 

■—  oflllT-bl«ddci»» 

pi  I  Gr.  pkmtmt  a  plmnt  s  p^i^Oi  I  <^al)    Hant-cntiiis  aiiiaiiil. 

Ti  ^     a.  pi^menitm^  pmtit)   The  cells  which  •ecrvte  the  cohmred  jar* 

tidcn  of  the  ikin  and  eye,  und  the  membnuic  formed  bv  ^nch  celts. 
PniHATL  (Lai.  pinmt,  n  TrAlhcr  or  Bs.)  Shuped  like  a  fcAthcr.  or  providcvl  iijih  Bol 
TiJivvLA.    (Iau  piamuM,  ilaf . )     A  nAme  applied  to  the  flni  cillAieil  ronit  id  lAm* 

under  which  many  jNilyfKu  fir»t  qtiit  the  egg» 
Flajma.     ( Gr.  piajtma,  motihU^tU-  matter.)     Thf  fltiid  part  of  the  blood,  in  whieb 

Ih*  red  iiorT>u«:U*«  fln»t  ;  also  calkd  lif^uctr  wangutnit 
FLAamoN.     rtie  under  imrt  of  the  shell  of  the  crab  and  tortoiac 
PiKxre.    (Or.  jMa^  I  twine.)    A  bnodb  of  ncrrca  or  veaacU   iacerworen  er 

twined  together. 
Flk&oGmmm,    (Or«  plfum,  morv  %  kmntm,  recent.)    The  tertiary  ikniuv  whtdi  vt 

Bioro  recent  than  the  mioceuc,  and  in  which  the  nugor  part  of  the  Ibaati 

belong  to  recent  specica. 
PK*U8fOCxirK,    (Or.  pletMtot,  moat  i  Aom/u,  recent.)    The  newest  of  the 

Mrata,  which  cotitntnt  the  larj^eat  proportion  of  living  apoeiei  of  shetliw 
TUCM,     (Lat, /i/r>rt,  tt  fold.)     Folds  nf  m em bmnc, 
PLimoe.   (hALjttuma^  a  feather. )     FeathLfy,  or  Itkc  a  pliune  of  ft^aiiicrs; 
PmctHATic   (Gr.  pHcmma,  breath.)  belonging  to  the  air  and  air- breathing  orgiuii^ 
PofiOFiVTitAi,jfA*   (Gr.  ptmM^  a  foot ;  ophlhatmm^  an  eye.)    The  trilie  of  CmBtacaa 

in  which  the  eyes  arc  sttpported  upon  utalka. 
FoLTOAaraiA.   (Gr.  polwL,  many  ;  gnMtrr,  a  stomach,)  The  claat  of  ialbsorial  ait(* 

molettlea  which  have  many  aisimihiriTG  saca  or  atomAchi^ 
PoLYM.  (Gr*  potmt  pom^  a  ^^^    The  cJafts  of  aoofihyie^  with  maiijr  prdicnailQ 

organji  radiating  fVom  aronnd  the  month. 
PnoLSoa.    The  wart-like  tubercles  which  roprsMnt  lega  on  the  hinder  segniail  of 

caterpillars. 
FiKiTHOEtAx.    (Gr.  pro,  liefore,  and  tkof^^,)   The  ^t  of  the  throe  aegmenu  which 

consticnte  the  thorax  In  insecta. 
PercaiOAL.    (Gr.  jmicke^  the  jioul.)    Hclaiing  to  the  phenomena  of  ibo  aool,  Aad 

to  analogoni  phenomena  in  the  lower  nnimala. 
PtKnoPOuA.     (Gr,  pteron,  a  wing  ;  pous,  a  foot)    The  class  of  McdltiscA  in  whiek 

tlie  organi  of  motion  are  ihaped  like  wings. 
PuLMooBADR.    (Lat   pulmo,  a  Inng  ;  gradior,  I  walk)    The   tribe  of 

which  twim  by  contractions  of  the  renpiratory  diw?. 
PLi,Mo3f ATA.    (L«r.  puim*^)    The  order  of  Gaatropods  that  breathe  hy  lungt. 


l| 


i 


GLOSSABT.  679 

Fupi.  (Ftcm.  the  Latin  for  a  doll  or  little  image.)  The  passive  state  of  an  insect 
immediatelj  preceding  the  last 

PoFiPARons.  (Lat  pupa;  pario,  I  produce.)  The  insects  that  bring  forth  their 
yonng  in  the  pupa  state. 

Pnx>RU8.  From  the  Greek.  The  aperture  which  leads  from  the  stomach  to  the  in- 
testines. 

Pyrutorm.    (Lat.  pyrum^  a  pear.)    Pear-shaped. 

Qdadrifid.    Cleft  in  four  parts. 

QuATBBNABT.    In  chemist]^,  bodies  composed  of  four  elementary  substances. 

Radiatju    (Lat  radius^  a  raj. )    The  name  of  the  lowest  primary  division  of  the 

animal  kingdom. 
Rufoas.    (I^t  remits,  a  branch.)    Branched. 
Kenifobjc    (Lat.  ren,  a  kidney.)    Kidney-shaped. 
Beptilia.    (Lat  repio,  I  creep.)    The  class  of  Vertebrate  animals  with  imperfect 

respiration  and  cold  blood. 
Bete  Mucosum.  The  ceUnlar  layer  between  the  scarf-skin  and  true  skin,  which  is 

the  scat  of  the  peculiar  colour  of  the  skin. 
Rhtncholithes.  (6r.  rhunchoa^  a  beak  ;  litho8,  a  stone.)  Beak-shaped  fossils ;  the 

extremities  of  the  mandibles  of  Ccphalopods,  allied  to  the  Nautilus. 
BoTiFERA.   (Lat.  rota^  a  wheel ;  feroy  I  bear.)    The  name  of  the  class  of  infusorial 

animalcules,  characterised  by  the  vibratile  and  apparently  rotating  ciliary  organs 

upon  the  heads. 

Salpians.  (Gr.  Salpe^  a  kind  of  fish.)  The  order  of  tunicated  MoUusca  which 
float  in  the  open  sea. 

Sarcophaga.     (Gr.  aarx^  flesh  ;  phage,  I  eat.)    Flesh-eating  animals. 

Sacciform.    Shaped  like  a  sac  or  bag. 

Scutibranchiata.  (Lat.  scutum,  a  shield  ;  hragchia,  gills.)  The  order  of  gas- 
tropodous  Mollnsca,  in  which  the  gills  are  protected  by  a  shield-shaped  shell. . 

Sebaceous.    (Lat  sebum,  tallow.)    Like  lard  or  tallow. 

Segmentation.     The  act  of  dividing  into  segments. 

Sekilunar.    Crescent-shaped,  like  a  half-moon. 

Semipinnate.    Fringed  on  one  side. 

Sepai^.    The  divisions  of  the  calyx  of  a  flower. 

Septa.     Partitions. 

Sericteria.  (Gr.  serikos,  silky.)  The  glands  which  secrete  the  silk  in  the  silk- 
worm. 

Serrated.    (Lat  serra,  a  saw.)    Toothed  like  a  saw. 

Sessile.    Attached  by  a  base. 

Set^.    (From  the  Latin  for  a  bristle.)    Bristles,  or  similar  parts. 

Setigerous.    Bristly. 

Siliceous.    (Lat  silex,  flint.)    Flinty. 

Sinus.    A  dilated  vein  or  receptacle  of  blood. 

Siphonostomous.  (Gr.  siphon,  a  tube  ;  stoma,  a  mouth.)  Animals  fumi^ed  with 
a  suctorioos  mouth  like  a  tube.  The  term  is  usually  applied  to  Crustacea  so 
characterised. 

Spatulate.     (Lat  spatula.)    Shaped  like  a  spatula. 

Speruatiieca.  (Gr.  sperma,  seed  ;  theke,  sheath.)  A  receptacle  attached  to  the 
oviducts  of  insects. 

Spermatoa.  (Gr.  sperma,  and  oon,  an  egg.)  The  nucleated  cell  in  which  the  sper- 
matozoon is  developed. 

Spermatopiiora.  (Gr.  sperma ;  phero,  I  bear.)  The  cylindrical  capsules  or  sheaths 
which  convey  the  sperm.  In  the  Cephalopods  are  called  the  moving  filaments 
of  Nccdham,  after  their  discoverer. 

Spermatozoa.  (Gr.  sperma ;  xoon,  an  animal)  The  peculiar  microscopic  moving 
filaments  and  essential  parts  of  the  fertilizing  fluid. 

Sphinoter.  (Gr.  sphigkter,)  The  circular  muscles  which  contract  or  dose  natural 
apertures. 

Spicula.    (Lat  spiculumt  a  point  or  dart)    Fine  pointed  bodies  like  needlea. 
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SpisncARET.    The  ftrticuUUi*d  tabci  with  which  ipidcn  labricAte  their  wrbs. 
SriKAri-LS.    (I^t.  iipiro,  I  1>reathe.)    The  breathing  pom  in  iDsecfio. 
HgrAiioni.    (Ij^t.  ji^iMMa,  a  scale.)    Arranged  like  icakf^ 
Stemmata.  (I At.  9trmmii.)  The  simple  and  minute  ejea  of  woniia,aad  thoK  which 

are  added  to  the  la^;^*  cumiicmnd  cyi-s. 
STLRKI.MI.NTIIA.     ((Sr.  Wrrfitf,  sulid  ;   MmimM,  an   intcrtinal  worm.)      Inteftiiiil 

wonns  w)ih*h  h.ive  no  true  abdominal  caritj,  and  which  were  called  ' 

niatous**  by  Cuvivr,  a»  the  Upe-worms. 
Stxrxal.    Tlic  oi'iH'Ct  of  the  body  where  the  Btemum  or  breast  bone  is  i 
SriGXATA.     (Gr.  Mtipma,  a  mark.)    The  breathing  pores  of  insects. 
Stomato-gastkk*.    (Ctr.  </(iiiia,  a  mouth ;  paster,  a  stomach.)      The  system  of 

nerveii  which  are  principally  distribuU'd  upon  the  stomach  and  intestimSl  caud. 
STRErsiPTEBA.    (Cir.  stn^/thtt,  I  twist  ;  /»lmm,  a  wing.)    The  singular  order  of  io- 

soctfl  disv^iivrri'd  by  Mr.  Kirby,  in  which  the  fintpair  of  wings  is  represented  by 

twiicted  rudinients. 
SmiirscrLAii.     Ikneath  muscles  or  muscular  layers. 
SriMESuriiAGKAi.     IWnciiih  the  gulb't, 
Sl'ctoria.     (Lat.  trnpn^  I  suck.)    The  animals  provided  with  mouths  for  sucking. 

and  the  aii]H'nda;;c«  of  mher  parts  organised  for  sucking  or  adhesion. 

SUPEKtESOPlIAUEAU      AlmTC  tllC  guUct. 

ScTURAi^     Ap|)crtainin(;  to  a  suture. 

ScTURE.     (Lat.  smo^  I  sew.)     The  immoTcablo  junction  of  two  parts  by  their 
margins. 

Tjenioid.  (Gr.  tainia,  a  ribnnd:  eidoa,  like.)    Riband-shaped,  like  the  Tenia  or 

tape-worm. 
TArcTi- M.    (IjUt.  tapetum,  a  carpet. )    The  coloured  layer  of  the  choroid  coat  of  the 

•ye. 
Tarsits.    (Gr.  tartos,  a  part  of  the  foot)    Applied  to  the  last  segments  of  the 

legs  of  insects. 
Tec'tibrakciiiate.     (I^t.  tega^  I  corer  ;  bragchia,  giH^*)    The  order  of  MoUnfca 

in  wbieli  the  frills  arc  covered  by  the  mantle. 
Tergal.    (I^t.  Urgum^  the  back.)    Belonging  to  the  back. 
Tetrabraxchiate.*    (Gr.  tetra^  four  ;  hrayhia^  gills.)    The  order  of  O;phslopods 

with  four  gillH. 
Teutiiid^    (Gr.  teuthU^  a  calamary.)    The  family  of  Cephalopoda,  of  which  the 

calamary  is  the  type. 
Thoracic.    Belonging  to  the  thorax. 
TuTSAKuURA.    (Gr.  thuMHoif  fringes;  owra,  a  toil.)    A  family  of  apterous  insects 

with  fringed  tails. 
Traciie.k.     (Gr.  tracheia^  the  rough  artery  or  windpi})e.)     The  breathing  tubes  of 

ins^'Cts. 
Traciikliiv)!)^.     (Gr.  trachelos^  the  neck;  poMJv,  a  foot)    The  Mollusca  which 

have  the  locomotive  <li8c  or  foot  attached  to  the  side  of  the  neck. 
Trematoua.    (Gr.  trema^  a  jwre.)    The  order  of  Entozoa  characterised  by  sucto- 
rial pores. 
Trencuant.     Sharp  edged,  cutting. 
Tridacttle.     Three-fingered. 
Trilobate.    Divided  into  three  lobes. 
Trilobite.    An  extinct  genus  of  Crustacea,  the  upper  surface  of  whoso  body  is 

divi<Ied  into  three  lobes. 
Trirai>iatk.    Consisting  of  three  spokes  or  rays. 
TKoriii.    (Gr.  tntpJuMt^  a  nourisher.)    In  insects,  the  parts  of  the  mouth  cmploved 

in  acquiring  and  preparing  the  food. 
TuBERCCLATE.     Warty,  or  covered  with  small  rounded  knobs. 
TmicATA.    (Lat  tunica^  a  cloak.)    The  class  of  acephalous  Mollusca  which  are 

enveloped  in  an  elastic  tunic  not  defended  by  a  shell. 

Uhcihatbd.    Beset  with  bent  spines  like  hooka. 

ITniyalte.     (Lat.  wiaw,  one;  t^a/tw,  doors.)    A  shell  composed  of  one  calcareous 
piece. 
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YAsiFORif.    (Lat  MM,  a  yesseL)    Shaped  like  a  bloodressel  or  tube. 

VsMTRAL.    Relating  to  the  inferior  surface  of  the  body. 

VsNTBicuLAB.    (Lat.  ventricidus,  a  yentriclo  *or  small  cayity,  like  those  of  the 

heart  or  brain.)    Belonging  to  a  ventricle. 
VsRiiES.    (Lat  vermis^  a  worm.)    Worm-like  animals :  applied  in  a  very  extensive 

sense  by  Linntens. 
Vbbtbbbata.     (Lat.  vertebra,  a  bone  of  the  back  ;  from  vertere,  to  tnm.)    The 

highest  division  of  the  Animal  Kingdom,  churacterised  by  having  a  back-bone. 
VxBTiGiLLATB.    (Lat  verticiUus,  a  whirL)    Arranged  like  the  rays  of  a  wheel  or 

spindle. 
Vkrmivorii.    Worm-shaped. 

YssicVLA.    (Lat  vmea,  a  bladder.)    Receptacles  like  little  bladders. 
Villi.    Small  processes  like  the  pile  of  velvet. 
ViTXLLiNB.    (Lat  uUdlus,  yolk.)    Of  or  belonging  to  the  yolk. 
TiyiPAsous.    (Lat  vivus,  alive;  pario,  I  bring  forth.)    IJie  animals  which  bring 

forth  their  young  alive. 
• 
WftoBL.    The  spiral  tarn  of  a  shell,  and  the  like  arrangement  of  a  group  of  leaves 

or  polypes  upon  a  stem. 
Whoblimg^    The  act  of  disposing  parts  in  a  series  of  spiral  curves  round  an  axis. 

XiPHOflURA.  (Gr.  xiphosj  a  sword;  otcm,  a  tail.)  A  family  of  Oustacea  with 
sword-shaped  tails,  as  the  Lunulus. 

ZooPHTTB.  (Gr.  zoorit  animal;  phyton,  plant.)  The  lowest  primary  division  of 
the  Animal  Kingdom,  which  includes  many  animals  that  arc  fixed  to  the  ground 
and  have  the  form  of  plants. 

ZooaFOBB.  (Gr.  zoom,  animal;  spora,  seed.)  The  reproductive  bodies  of  sexless 
water-plants,  which  enjoy  the  power  of  locomotion  for  a  certain  time. 
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Acalepha?,  157.  188. 
Acanthoccphala,  58.91.  118. 
Acanis  folliculornm,  445. 
AccphalcHrvst,  59.  61. 
Acephalous  M(»Uasc«,  471. 
AcetaboU  of  Ccphalopo<is,  611. 
AcriU,  15. 
Aciherei,  272—275. 
Actinia,  134. 
Actinocjclus,  20. 
Akcra,  551. 
Alcyonidium,  136. 
Alcyonium,  136. 
Alimentary  canal  of 

AnnulaU,  230 — 233. 

Arachnida.  452,  453. 

BcriJo,  72. 

Brachioi>oda,  493. 

BryoKoa,  149. 

Ccpholopodfl,  622. 

Cirripctlia,  282. 

Crustacea,  315,  316. 

Diplostoma,  84. 

Distomn,  81 — 83. 

»hino<lcrma,  196.  205.  209. 

Kpiz<>a,  272. 

Gastroi)odn,  555 — 558. 

Insccto,  375—379. 

I^Amellibranchiata,  504.  506. 

Ptoropoda,  537. 

Tunicato,  474.  476.  482.  483. 
Alternate    generation    (sec    PartUcno- 

gcnesifl). 
Amazon  ant^  429. 
Ametabola,  346. 
Ammonites,  596. 
Amphipoda,  344. 
Anainia,  11. 
Anatomical  distinction  iKitwoon  plants 

and  animals,  3. 
Androgynous  organs  of 

Annulata,  254—256. 

Ik>thriocepha]us,  71. 

Cirripedia,  283 — 286. 

Distoma,  82.  84. 

Gastro])oda,  561 — 563. 


Ftcropoda,  537.  539. 
Tieniae,  69.  • 

Anellidea,  11.  14.  SS5 — 265.  * 

Animals,  cUmmb  oC  16. 
Animal  Kingdom,  tabalar  riew  oC  IC 
Primary  dirision  of,  1 2.     Disdncdoa 
from  Tegctablc,  2.  8. 
Animal  matter  presenred  from  lotf  by 

Polygastria,  36. 
Annolata,  225.    Orders  of,  265. 
Anodon,  marsapiol  gills  oC  52.     On 

of,  523. 
Antenns  of 

Ancllidcs,  227. 
Cirripedia,  289. 
Crustacea,  300. 
Epizoa,  269. 
Insects,  348.  368. 
Anthozoa,  134.  156. 
Ants,  429. 

Aphaniptera,  347.  440. 
Aphides,  larval  generation  of,  409.  As- 
tonishing fecundity  of  virgin  females, 
414.  Ordinary  generation  of;  409. 414. 
Aphrodita,  226.  232.  233.  246.263. 
Aplysia,  549.  557.  559.  567. 
Aptera,  347.  353.  440. 
Arachnida,  442.     Comparison  with  in- 
sects, 443. 
Aranca,  448.  465. 

Arenicohs  231,  232.  238.  240.  261. 
Argonaata,  1 78.  605.  628.    Male  of,  630. 
Anns  of  Cephalo{>od8,  609 — 613. 
Articulata,  13.  16.  225. 
Arctiscon,  55.     See  Macrobiotns. 
Ascaris  acuminata,  113. 

Inmbricoides,  98.  102. 

vcrmicularis,  99.  109. 

Ascidians,  13.  471.473.  Compound,  475. 

Astacus  fluviatilis,  302.  306.  327.  336. 

marinus,  300  306.  318. 
Asterias,  14.  191.  193.  195.  21.3. 
Astcroidca,  190.  224. 
Athalia,  398. 
Atoll,  139.  141.  142. 
Avicula  margaritifcra,  518. 
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Bacnlite,  596. 

fiaUnoids,  267.  278.  294.  Larva  of,  288* 

Barnacle,  278. 

Barrier  reef,  139.  Ul,  142. 

Bee,  stomach  of,  378.  Tongue  of,  374. 
Deyelopment  of,  428. 

Belemnite,  597.  Its  shell,  598.  Mantle, 
601.  Fins,  602.  Anns,  602.  Ink- 
bag.  601. 

Bei^mehl,  38. 

Beroe,  171.  175. 

Binary  compounds,  7. 

Baring  biralyes,  618. 

Bothriocephalos  aoricalatos,  76.  Both, 
latus,  69.  71.  Both,  punctatos,  72. 
Deyelopment  of,  73. 

BotryUidi,  501. 

Botts,  425. 

Brachiopoda,  471.  485.  601. 

Branchiopods,  320. 

Biyossoa,  144.  156. 

Bnccinom,  208.  566. 

Bnlla,  its  gastric  shell,  557. 

Byssus,  504. 

Cameo  shells,  544. 

Cambium,  420.  465. 

Campanularia,  126. 

Cardinal  teeth,  515. 

Carinaria,  540.  546. 

Cells,  35. 

Cellulose,  4.  473. 

Centipede,  347.  357.  390.  394. 

Cephalopoda,  13.  474.  576.  649. 

Cestoidea,  59.  67—79.  117. 

Chambered  shells,  formation  of,  592. 

Chemical  distinction  between  plants  and 

animals,  4. 
Chilognatha,  347.  440. 
Chil(^a,  347.  440. 
Chitine,  279.  297.  349.  463.  469. 
Chlamydomonas,  29. 
Chlorophjil  in  animals,  4. 
Chi7salis,422. 
Cfaylaqneous  system,  135. 150. 197.  199. 

207.211.233. 
Cicendela,  377. 
Ciliobrachiata,  144. 
Ciliograda,  170.  180. 
Circidation  in 

Anellids,  234. 

Arachnids,  454. 

Brachiopods,  496. 

Cepbalopods,  588 — 624. 

Cirripeds,  582. 

Crustacea,  318. 

Echinoderms,  206. 

Gastropods,  559. 

Insects,  383 

Lamcllibranchs,  507. 

Tunicaries,  476. 


Cirripcdia,  267.  277.  293. 
Cithcrea,  506. 

Cladocera,  343.    Homology  of,  292. 
Classes  of  animals,  16. 
Classification  of 

AcalephsB,  188. 

Annulata,  264. 

Anthozoa,  156. 

Arachnida,  467. 

Brachiopoda,  501. 

Biyozoa,  156. 

Cephalopoda,  650. 

Cirripedia,  293. 

Crustacea,  d42. 

Echinodermata,  223. 

Entozoa,  117. 

Epizoa,  293. 

Gastropoda,  573. 

Hexapoda,  441. 

Hydrozoa,  155. 

Infusoria,  55. 

Insecta,  440. 

Lamellibranchiata,  531. 

Myriapoda,  440. 

Polygastria,  55. 

Polypi,  155. 

Pteropoda,  572. 

Rhizopoda,  56. 

Rotifera,  56. 

Sterebnintha,  117. 

Tunicata,  500. 
Classification,  9.  1 60. 
ClaycUins,  501. 
Coarctate  metamorphosis,  422. 
Cocoon,  258.  434. 
Ccelelmintha,  58.  94.  Il8. 
Coleoptera,  347.  352.  442. 
CoUeterium,  402. 
Comatula,  192.  224. 
Compound 

acalephcs,  178. 
ascidians,  475. 
polypes,  125.  136.  145. 
Conjugation,  29. 
Copepoda,  343. 
Coral  Islands,  139 
Corallines  of  Ellis,  126. 
Corallium  rubrum,  136. 
Coryne,  131. 
Crab,  301.  809.  316.  340. 
Cranidflc,  503. 
Crinoidro,  224. 
Crustacea,  296—342. 
Cyansea,  16.'>.  182.  184. 
Cyclobranchiata,  574. 
Cydippe,  171.  173. 
Cymothoa,  298. 
Cynthia,  478. 
Cystica,  59.  64. 
Cysticcrcus,  66. 
Cystoidca,  224. 
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Decapod  cnutacemnB,  300.  344.      Di- 

branchiatcK,  605.  649. 
Demodcx  foUkmlorum,  444. 
Dermophjsm,  467. 
DeTelopment  (»f 

Acalephip,  181. 

Annulatm,  960. 

Anthozoa,  137. 

Arachnida,  464. 

Aitcaris,  113. 

Afciilia,  478. 

Astcriait,  213. 

Bothriocephalof,  72. 

Bryozoa,  151. 

Cephalopoda,  635. 

Ccstoidca,  74. 

Cirripcilia,  287. 

Conuuula,  222. 

Cnutacoa,  333. 

lu'hinodcrmf,  220. 

Echinus,  217. 

Kpizoa,  273. 

Gastropotla,  566. 

Holothnria,  219. 

Iiisccta,419 — 440. 

r^meUibranchiata,  524. 

Medusa,  181. 

^fyrta])oda,  392. 

Ophiuro,  251. 

Puljpuitria,  32. 

Tulypt,  124.  129. 

Kotifcra,  52. 

Salpa,484. 

Trcmatodn,  87. 

Tunicatn,  478.  484. 
Dibranchiatc  Ccphalopods,  603. 
Dictyoeha,  20. 
Dimyarics,  504.  531. 
Dioecia,  574. 
Diplostoroo,  84. 
l)iplo»x)n  parndoxnmf  85. 
Diporpa,  85. 
Diptera,  347.  353.  441. 
Dibtoma  clavatuiu,  81. 
hepaticuiu,  80. 
laiicoolutum,  83. 
pcrlatum,  87. 
Dragon-fly,  369. 

Earthworm,  228.  231.  236.  249.  257. 
Ecdysis,  276.     See  Moulting. 
Echinococcu8,  65.  78. 
Echinodcrraata,  190—223. 
Echinoidca,  190.  199.  225. 
Echinorhyncus,  91. 
Echinus,  200.  204. 
Edriophthalma,  300.  343. 
Elytra,  352. 
Enaima,  11. 

Encephalous  Molhisca,  471. 
Encnnitca,  192.  924. 


Entomostraca,  298.  349. 
Entoioa,  57^1 18.    Orden  of;  58.  T^ 
nacitj  of  life,   114.     Human,  59  €5 
66.  67.  70.  Sa  8a.  94.  97,  98. 101 101 
Entrochi,  192. 
Eocene,  38.  576. 
Epeira,  461. 
Eplupphun,  324. 
Epiaoa,  267. 

EquiTocal  genemtion,  78.  116. 
Errantia,  265. 

Extinct  chambered  shells,  595. 
Eye  in  Acalepha?,  168.  170.  175. 

Annulata,  227.  248. 

Arachnida,  450. 

Ascidia,  475.  478. 

Asterias,  195. 

Cirripedia,  280.  288. 

Crustacea,  311. 

Echinus,  20a  22a 

Entoxoa,  81.  86. 

Episoa,  274. 

Gastropoda,  552. 

Insccta,  369. 

LamcUibranchiata,  512. 

Nautilus,  585. 

Polygastria,  22. 

Pteropoda,  539. 

Kotifcra,  46. 

Sepia,  619. 

Trematoda,  81.  89. 

Farrc,  Dr.  A.,  145.  257.  31 1. 

Feet,  tubular,  of  Echinoilerms,  193.202. 

208. 
Filaria  bronchialis,  96.    Mcdincnsis,  96. 

Oculi,  96. 
Fission,  spontaneous,  27.   34.  63.   124. 

178.  185.  253. 
Flustra,  145. 
Foot  of  bivalves,  504,  505. 

univalves,  546. 
Fringing  reefs,  139.  141.  142. 

Gastropoda,  471.  540.     Orders  of,  573. 
Gemmation,  15.  29.  64.  124.  157.  178. 

254.  481. 
Generative  organs  in 

Acalcphfl!,  179. 

Annulata,  254. 

Arachnida,  459. 

Brachiopoda,  498. 

Cephalopoda,  590.  628. 

Cirripedia,  284. 

Crustacea,  326. 

Echinoderma,  190.  208.  211. 

Entozoa,  69.  82.  86.  92.  104. 

Epizoa,  273. 

Gastropoda,  561. 

Insccta,  396. 

LamcUibranchiata,  521. 
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Myriapoda,  389. 
Foljgastrio,  32. 
Polypi,  125.  137.  151. 
Pteropoda,  537. 
Botifera,  49. 
Tunicata,  477.  483. 
Generation,  equivocal,  43.  78.  87,  1 15. 
Eissiparous,  27.  34.  63.  124.  178.  185. 
Larviparous,  402.    Gemmiparous,  29. 
64.  124.  157.  178.  254.  481.     Fupi- 
parous,  402.  426.    Rapid  rate  of,  in 
infusoria,  34.  53. 
Germ-cell,  65.  75.   113.  124.  152.  182. 

259.  276.  478.  525.  566.  570.  636. 
Germinal  vesicle,  52.    112.  181.   213. 

229.  464.  478.  523.  635. 
Germ-mass,  113.  407. 
Glaucoma  scintillans,  18. 
Gnathostoma,  99. 
Gonium,  29. 
Gordiacea,  58. 
Gorgonia,  137. 
Gregarina,  3.  29.  35.  62. 
Guinea-worm,  96. 
Gymnosomata,  512. 


Hairs  of  AneUides, 

of  Spiders,  448. 
Haliotis,  548.  559,  560. 
Halodactylus,  151,  152. 
Hamite,  597. 
Haustellata,  346. 
Hearing,  organ  of,  in 

Cephalopoda,  585.  619. 

Cirripedia,  281. 

Crastacea,  311. 

Gastropoda,  553. 

Insecta,  368. 

Lamellibranchiata,  511. 

Pteropoda,  537. 
Heart,  6. 

In  Annulata,  234.  237. 

Arachnida,  454. 

Brachiopoda,  494. 

Cephalopoda,  587.  624. 

Cirripedia,  282. 

Crustacea,  318. 

Echinodcrma,  197.  206.  210. 

Epizoa,  272. 

Gastropoda,  559. 

Insecta,  382. 

Lamellibranchiata,  504.  507. 

Polygastria,  25. 

Pteropoda,  537. 

Rotifera,  49. 

Tunicata,  474.  476.  483.  * 
Helix,  541.  549.  562. 
Hemimctabola,  347. 
Hemiptera,  347. 
Hermaphrodite,  13.  86.  827. 406. 


Heterogangliata,  13.  470. 

Hexapod  insects,  345.  440. 

Hinge  of  bivalve  shells,  515. 

Hive-bee,  economy  of,  427. 

Holostomata,  575. 

Holothurioidea,  208.  210.  225. 

Homogangliata,  IS.  225. 

Humble  bee,  economy  of,  428. 

Hunter,  John,  3.  12.  163.  168.  318. 
His  experiment  on  a  fly,  379.  On  the 
circulation  in  Insects,  383.  His  soft- 
shelled  mollnsks,  471. 

Hyalca,  536. 

Hyaline,  32.  465. 

Hydatina,  generation  of,  52. 

Hydra,  120. 

tuba,  183,  184. 

Hydrozoa,  120.  155. 

Hymcnoptera,  347.  353.  441. 

Ichneumon,  parasitic  habits  of,  417. 

Inferobranchiata,  540,  573. 

Infusoria,  16.     Tenacity  of  life  in,  42. 

Siliceous  deposits  of,  37. 
Ink  of  Cuttle-fish,  623. 
Insect  metamorphosis,  422.    Analogy  of 

development  of  human  embryo  with, 

438.     Of  Marsupialia  with,  439.     Of 

Batrachia  with,  439. 
Insecta,  344.     Orders  of,  440.     Wings 

of,  347. 
Instrumenta  cibaria,  373. 
Invertebrata,  11. 
Isopoda,  305.  343. 
lulus,  348.  356.  392,  393,  394. 

Janthina,  565. 

Lcemodipoda,  343. 
Lamellibranchiata,  471.  503.  531. 
Land-crabs,  322.  341. 
Larva,  animals  typified  by  in  Insects, 

definition  of,  422. 
Leech,  228.  Stomachs  of,  104.    Suckers 

of,  229.  Teeth  of,  230.    Eyes  of,  248. 

Genituls  of,  254. 
Lecuwenhoek,  1 7.  54.  522. 
Lepadoids,  278.  295. 
Lcpas,  277.    Its  shell,  278.   Its  nervous 

system,  280.     Its  digestive  system, 

282.     Its  larva,  288. 
Lepidoptern,  347.  353.  441. 
Lcmtea,  267. 
Lcucophrys,  24. 
Levigrada,  468. 
Ligament,  515. 
Limnieus,  553.  569. 
Limulus,  29S.  312.  343. 
Linguatula,  101. 
Lingulidse,  503. 
Linnaeus,  1.  9. 
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Lithedrnphm,  544. 
Lirer,  in 

AnnoUu.  231.  233. 

ArAchnidA,  453. 

Brachiopoda,  278. 

Bryoio*,  15a 

Cephalopoda,  587.  623. 

Cirripedia,  282. 

Crustacea,  317. 

Kchinodeima,  196. 

Entoioa,  104. 

Gastropoda,  558. 

Inaecta,  376. 

I^AOiellibranchiata,  504.  506. 

I^cropoda,  537. 

Rotifera,  48. 

Tanicata,  474.  476.482,  483. 
liobophjlla,  138. 
Lobster,  30a  318.  329. 
Locomocioo  of  Acaleplue,  171. 
Infiuoria,  22. 47. 
Poljpi,  121.  131.  137.  152. 
Loctirt,348.373.418. 
Loligo,  604.  622. 
Loricate  Infusoria,  19,  20.  45.  49. 
Loxodos,  25.  33. 
Lag-worm.    See  Arcoicola. 

Mactra,514. 
Macrobiotns,  446. 
Maia,  329. 

Malacostraca,  298.  330.  343. 
Male  of  Rotifcra,  51. 
of  Epizoa,  273. 
of  Cirri})cdia,  286. 
of  Argonauto,  628.  630. 
Mandibulata,  346. 
Mantis,  363,  364. 
Marsupial  sacs  of 

Acalephsc,  181. 

Annulata,  259. 

Cirripedia,  285. 

Crustacea,  324.  326.  329. 

Epizoa,  273. 

I^iaiuellibrauchiata,  533. 
Meduss,  162.  165. 
Mclanine,  624. 
Mctabola,  346. 

Metagenesis,  90.    131.   183.  215.  253. 
262. 275. 288.  290.  324. 409.  4S0.  484. 
Metamorphosis  of 

Acalepha.%  182. 

Annulata,  262. 

Ascidians,  478. 

Cirripedia,  288. 

Comatula,  222. 

Crustaceans,  116.333  339. 

Echinodennato,  2 1 5.  22(? 

Entozoa,  74.  88.  90. 

Epizoa,  274. 

Gastropoda,  566. 

Human  embryo,  4  39. 


In8«cta,4Sa. 
LameUibranehuiU,  525. 
Pbljgastria,  S4. 
Foljpi,  13a  137.  152. 
Microaeopical  anatom  j,  4a 
Migration  of  biTslrea,  527 
MUlcpora,  139. 
Minerals  dcfinei,  1. 
Miocene,  576. 
Mites,  446.  46a 
MoUoaca,  13.  16.  47a 
MoUuskigerous    sac   in   Sjnapta,  219. 

221. 
Mottad«  19. 
MonoBcia,  573. 
Monomjraria,  504.  531. 
Moulting  of 

Arachuida,  46a 
Cirripedia,  288. 
Crustacea,  302. 
Epizoa,  275. 
Insecta,  422.  433. 
Mussel,  504.  5ia  525.  530. 
Mjrelencephala,  12. 
Mvgalc,  450.  456. 

Myriapoda,  345.  347.  35a  388. 44a 
Mjrtilus,  508.  510. 

Nacre,  517. 

Nais,231.252,253. 

Nassula,  28. 

Natural  affinities,  illustrated,  39. 

Nautilus  Pompilius,  578 — 595. 

Navicula,  2a 

Nccdham's  moving  filaments,  629. 

Nematoidea,  58.  93.  118. 

Nemotoneura,  15. 

Nepa,  385. 

Nereis,  262. 

Nervous  svstem, 

Ac'alephs,  168.  174. 

Annulata.  248. 

Arachnida,  449. 

Braohiopoda,  491. 

Cephalopoda,  583.  615. 

Cirripedia,  280. 

Crustacea,  13.  304.  310. 

I>:hinoderma,  14.  194.  207.  211. 

Entozoa,  81.  8a  100. 

Epizoa,  272. 

Gastropoda,  546 — 551. 

Insecta,  358 — 367. 

Lamellibranchiata,  510. 

Myriapoda,  355. 

Nantilus,  583. 

Tolygastria,  22. 

Polypi,  148. 

rtcropoda,  637. 

Botifera,  46. 

Tunicata,  475,  476.  4d2,  483. 

Vertebrata,  12. 

Metamorphoses  of,  in  insects,  360 
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Nenroptera,  347.  353.  442. 
Nidamental  capsules,  418.  565. 

glands,  564.  591.  632. 
Noctua,  402. 
Non-ganglionic  chords,  their  function 

in  Articulata,  249.  307. 
Notommata,  46. 
Nucleobranchiata,  574. 
Nudibranchiata,  540.  573. 
Nulligrada,  467. 
NuUipora,  140. 

Obtected  metamorphosis,  422.  424. 
Octopod  dibranchiates,  605. 
Octopus,  611.  623.  629. 
CEstrus  Bovis,  429. 

Hominis,  425. 
Onchophora,  119. 
Onychoteuthis,  603.  612.  621. 
Operculum,   146.  229.  279.  458.  529. 

543. 
Ophiura,  190.  194.  197.  224. 
Orbiculidaj,  503. 
Organic  matter,  36. 

not  self-subsistent,  37. 
Organisation,  defined,  1. 
Organised  beings,  2. 
Orthidffi,  502. 
Orthoccratite,  595. 
Orthoptera,  347.  352.  442. 
Ostrapoda,  343. 
Ova  of  Acalephse,  181. 

Annnlata,  258. 

Arachnida,  459.  464. 

Bothriocephala,  73. 

Brachiopoda,  498. 

Bryozoa,  152. 

Cephalopoda,  633.  635. 

Cirripedia,  285. 

Crustacea,  336. 

Echinus,  208. 

Epizoa,  ^74. 

Gastropoda,  564,  565.  567. 

Insecta,  406.  419. 

Lamellibranchiata,  523. 

Polygastria,  32,  33. 

Polypi,  125.  135.  137. 

Botifera,  52. 

Taeniie,  73. 

Tunicata,  476.  478. 
Oviparous  generation,  its  final  purpose 
in  Infusoria,  42. 

Fagurus,  nerves  of,  308. 
Faludina  vivipara,  556. 
Parthenogenesis,  15.  88.  133. 160. 
Parthenogenetic  animals,  13,  14.  78.  90. 

124.    128.  131.  136.    151.    178.    184. 

212.  253.  262.  324.  409.  480,  481. 

484. 
Patella,  554. 


Pearl,  518. 

artificial  mode  of  producing,  518. 
Pectinibranchiata,  441.  574. 
Pedicellariffi,  193.  202. 
Pedicellina,  152. 
Pendularia,  118. 
Penella,  271. 
Peniculus,  267. 
Pentacrinus,  192.  223. 
Per-centage  of  Fossil  shells  in  tertiary 

strata,  576. 
Pholcus,  453.  454.  457. 
Phragmoconc,  598. 
PhyUopoda,  343. 
Physalia,  176. 
Physiological  distinction  between  plants 

and  animals,  3.  5.  6. 
Physograda,  176.  189. 
Planaria,  85.  94. 

Plants,  distinction  from  animals,  S — 8. 
Pleistocene,  576. 
Pleurobranchus,  558. 
Pluteus,  215. 

Poison-glands,  347.  405.  4  6. 
Polierschicfer,  37. 

Polygastria,  16.  Conjugation  of,  29. 
Classification  of,  55.  Generation  of, 
26.  Mouths  of,  29.  Nucleus,  or  testis 
of,  27.  Ovarium  of,  33.  Shells  of, 
19.  Sleep,  none  in,  22.  Stomachs 
of,  23.  Teeth  of,  23.  42.  Vascular 
system  of,  25. 
Polypi,  119. 

classification  of,  155. 
Productidao,  502. 
Psyche,  416. 

Pteropoda,  471.  5J55.  572, 
Pulmogrades,  162.  188. 
Pulmonaria,  469. 
Pulmonata,  541.  573. 
Pulmotrachearia,  468. 
Pupa,  definition  of,  422. 

kinds  of,  422. 
Pyrosoma,  482. 
Pyrosomidas,  501. 

Quaternary  compounds,  4.  7. 

Radiaria,  16. 

Radiata,  14. 

Ranatra,  366. 

Reparative  power,  123.  272.  252.  323. 

434.  467.  561. 
Reproduction  of  parts,  73. 123. 212.252. 

302.  323.  434.  476.  561. 
Respiratory  organs  in 

Acolephxe,  164. 

Annulata,  239. 

Arachnida,  455. 

Brachiopoda,  498. 

Bryozoa,  150. 

Cephalopoda,  588.  626. 
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Cirripeaia,  S8S.  286. 
Cnutaoea,  320. 
Echioodcnna,  210. 
Gastropoda,  54a  560. 
Inaecta,  ^B4. 
I^mcllihnnchiatA,  507. 
I'l^ropoila,  537. 
llocifbra.  48. 

Tiinicata,  474.  476.  482,  483. 
Rhiiortoma,  163. 
IioiMa,633. 
Kotifer,  48. 

Kotifora,  39.  Aliincntarj  canal  in,  48. 
ClaMitication  of.  56.  Chylaqucoas 
erstcm,  49.  Cilia  of,  46.  Generation 
of,  49.  Ixx'omocion  in,  47.  Males 
of,  51.  Muscular  system,  46.  Ncr- 
Toos  system  in,  47.  Shells  of,  45. 
Teeth  uf,  47.  Vascular  system,  48. 
Wheels  of,  46. 
Rotation  of  embiyo  in  ovo^  526.  566. 

568.  636. 
Rudistes,  532. 
RhynchonellidsB,  502. 

Saccohranchiata,  501. 
tSalirary  glands  in 

Cephalopods,  586.  622. 

Ecliinoderms,  204.  209. 

Kntozoa,  103. 

Gastropods,  555. 

Insectjt,  380. 
Sa]pa,471.  483. 

metagenesis  of,  484. 
Sand-canal  of  Star-fi^h,  198. 
Sarco])tes  Galei,  446. 
Scalariu  542. 
Scalpellum,  mulo  of,  287. 
Scaphite,  597. 
Scorpion,  447.  654. 
ScutibranchidtA,  574. 
S(.*yphistoma,  184. 
Sca-anenioiie,  134. 
Soa-grai)es,  635. 
Sep*.8tria,  455. 
Si>pia,  6 IT).  024.  635. 
Scrtularia,  126. 
Shell  of  AnnuIatA,  229.  246. 

BrachiopcMla,  485,  486. 

Cephalopoda,  576.  581.  £92.  595. 
605. 

Cirri  pcdia,  278. 

Cnistacea,  297.  302. 

Kchinodei-ma,  192. 199. 

Gastropoda,  541. 

Jjuniellibranehinta,  513. 

I'olyRastrin,  19. 

Polypi,  125.  138. 

l*ieroiK)da,  535. 

Rotifero,  45. 

Tunicata,  473.  482. 

Absorption  of,  544. 


Ship-borer,  517.  521. 

Siliceous  depoaiu  of  Inftuoria,  37. 

Single-celled  Animals^  15. 

Sinistral  shells,  542. 

Siphon  of  biralTet,  505.  513.  517. 

of  nntralTea,  543. 

of  Cephalopoda,  593. 
Siphonifera,  532. 

Siphoniferons  shell,  fonnatioii  oC  592 
Function  of,  525.     Stmctnrc  o^  581 
595.  598.  606. 
Siphonostomata,  575. 
Sipancolos,  209, 225. 
Skeleton,  extenaL  See  ShelL 
Arachnida,  448. 
Crustacea,  aoa 
Insecta,  348. 

Internal,  136.  486.  582.  606. 
Slug,  549.  565.  570. 
SiULil,  199.  207. 

Spermatheca,329.  401.461.  464. 
S|)crmatophora,  329.  400.  629. 
Spermatozoa  of 

Acalephse,  180. 

Annulata,  257. 

Arachnida,  461. 

Br}*o»>a,  151. 

Cepluilopoda,  630. 

Crustacea,  325.  328. 

Echinodcrma,  208.  220. 

Gastropoda,  564. 

Insecta,  400. 

IjameUibranchiata,  524. 

M  \Tiapoda,  389. 

Nematoidea,  106. 

Polypi,  125.  135. 

Rotifera,  51. 
Sphinx  IJgustri,  430. 
Spiders,  loves  of,  462.     Webs  of.  458. 
Spines  of  Echinus,  201. 
Spinnarets  of  spiders,  457. 
SpirifcridiP.  502. 
Spiroptcra  Hominis,  97. 
S]>ira<:tonium,  18. 
Spirulu,  577.  606. 

Spontaneous  fission,  27.69.  73.  125.  178. 
186.196.212. 
generation,  43.  78.  87.  115. 
experiment  on,  44. 
Squilla,  300.  305. 
Stag-beetle,  382. 
Star-fish,  191. 
Stephanoceros,  50. 
Stcrclmintha,  58.  117. 
Stomaj^oda,  300.  320.  344. 
Stone-lilies,  192. 
Strep.sipiera,  347.  353.  441. 
Strobila,  184. 
Slronjjyhis  Gigai«,  97. 
Sub-kingdom  of  Animals,  12. 
Snctorla.  265. 
Swanmierdam,  401.  434. 
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Tape-wonns,  fertility  of,  72. 

Gcogra-    i 

Tubipora,  139. 

phical  distribution  of,  79.     Metamor-   1 

Tubularia,  128. 

phosifl-of,  74.  Migrations  of. 
Larva  of,  76. 

75  —  77. 

Tubulibranchiata,  574. 

Tunicata,  471.  473.  500. 

Tenia  Soliom,  67. 

Turrilite,  597. 

Tteniobranchiata,  501. 

i 

Tardigrada,446.467. 

! 

Unio,  526. 

Tectibranchiata,  573. 

Unity  of  organisation,  defined,  644. 

Tegenaria,  458.  461. 

Unorganised,  compared  with  organised 

Teeth  of 

bodies,  2. 

•Crnstacea,315,  316. 

Urinary  organs,  211.  317. 322. 381. 453. 

Echinus,  204. 

509.  560.  689.  625. 

Gastropods,  554. 

Leech,  230. 

Vanessa,  146. 

Nereids,  231. 

Vascular  system  of 

Polygastria,  23. 

Acalcphxe,169.  173. 

Botifera,  47. 

Anellides,  234—239. 

Ofbivalve  shells.  515. 

Arachnida,  453. 

TeUina,  504. 

Asterias,  197. 

Tenacity  of  life  in 

Brachiopoda,  495. 

Entozoa,  115. 

Bryozoa,  150. 

Infusoria,  53,  54. 

Cirripedia,  282. 

Terebratula,  485.  502.    ^ 

Crustacea,  317. 

Teredo,  518.  521. 

Echinus,  205. 

Termites,  428. 

Entozoa,  82. 

Ternary  compounds,  4.  7. 

Epizoa,  272. 

Terricola,  265. 

Gastropoda,  559. 

T^trabranchiata,  578.  649. 

Holothuria,  269. 

Thecosomata,  572. 

Insecta,  382. 

Tongue  of  Bee,  374. 

Lamellibranchia,  507. 

Cephalopods,  586.  618 

621. 

NautUus,  587. 

Limpet,  554. 

Polygastria,  25. 

Gastropods,  553. 

Botifera,  48. 

•  Whelk,  554. 

Sepia,  624. 

Torpidity,  54.  392. 

Tunicata,  474. 

Touch,  organs  of. 

Venous  follicles  of  Cephalopods,  589. 

Annolata,  227. 

625. 

Arachnida,  451. 

Vermes,  10. 

Bryozoa,  149. 

Vertebrata,  11, 12.  16. 

Cephalopods,  586.  618 

VesiculA  seminales,  69.  87.  105.  254. 

Crustacea,  319. 

284.  328.  390.  397. 461.  539. 561. 629. 

Epizoa,  272. 

Vibrio  rugula,  19. 

Gastropods,  551. 

snbtilis,  19. 

Insecta,  367. 

tritici,  115. 

Lamellibranchia,  512. 

Volvocinse,  8. 

Pteropoda,  539. 

Volvox,  22.  28. 

Tunicata,  474. 

Vorticella,  18.  24. 

Trachearia,  468. 

Tracheliftstcs,  271. 

Webs  of  spiders,  458. 

Trachelipods,  545. 

Wasp,  procreatiye  economy  of,  426. 

Transition  fromRadiatatoMollu8ca,472. 

Wings  of  insects,  347.  852.    Their  ho- 

Tree-crabs,  322. 

mology,  355. 

Trematoda,59.  80.  117. 

Whelk,  554.  563. 

Trichina  spiralis,  94.  117. 
Trichocephalus  dispar,  97. 

Xiphosura,  298.  343. 

Trilobite,  299.  313.  331. 

Trophi,  373. 

Zoa,ll. 

Tubicola,  265. 

Zoophytes,  15. 
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I'agc  IS.  last  line  of  Nole\  for  *'pL  i.  of  tlie  present  Tolumc,**  read  ^  pi.  iii.  of  ccdii.' 
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